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Sa JOHN MOORE, 'Prefident, 
NATHANIEL HAWS, Efq; Treafurer: 


And to the Reft of the Worthipful Governors af 


Chrifts-Hofpital London. 


eT HLS Manual con- 
| taining the Principles 

of Geography and Na- 

vigation, which I compofed for. 
the ufe of my private School , 
without the leaft thought of ever 
making it publick, has at laft 
A 2 Gut tled 


Epittle Dedicatory. 
quitted:, its Retirement , and 
flees to your Wonfhips for Pro- 
tection... I -muft..confefs it 15 
fomewhat too early for tts ap- 
pearance abroad, becaufe I want- 
ed time to give it thofe finifb- 
ing Strokes which might pave 
rendred it pleafant as well as 
ufeful. However feeing its me- 
thod is plain aud eafe, tt will 
be of ufe to me inthe fervice of 
Chrifts-Holpital, and will fave 
the Children of King Charles 
bs Royal Mathematical Foun- 
sree a creat deal of time and 

ains in teanfcribing thofe Rules 
cabal a 2b. By your kind 
Reception of it, I ane bold to 
, think 


Epiftle Dedicatory.. _ 
think it will advance daily And 
tho’ it now appears in puris Na- 
turalibus, zt may afterwards be- 


come far more CorreE and Pers 
Sted. . Lam tees 


Your Worfhi ps 


? 


Chrift s-Hofpitad 
Jane 28, 16 94> 


Mott Faithful Servant’ °-' 2° 
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Samuel Newton. , 


‘His Piece was Compofed in to 

ji much hafte, that as foonas I 
had finifhed the Compofure 

of each Sheet, fo much as I had com- 
pofed was immediately. hurry’d to the 
Prefs ; and many times before I had 
deliberately confider'd it. So that I 
can no wayes excufe it from many Im- 
perfections, nor affirm it to be fo cor-- 
rect as I had at firft defigned it. As 
you will find (through my too much 
hafte) in Page go. where {peaking 
concerning the way of difcovering - 
dit- 


The Preface. 
difference-of Longitude by Antomatas, 
it-runs thus, vz. the farther you ad- 
vance within the Artic or Antartic Cir- 
cles, towards either of the Poles, the 
motion of the Clock fhall be fo much. 
flower than at Lond. Nay the motion 
thereof fhall be retarded tho’ you en- 
creale the Weight ; and confequently 
when thefe correct Automatas are 
carried into an Air more warm than 
that in which they were made, their 
motion fhall be {wiiter than before. 
This Paragraph ought thus to be cor- 
rected; that the farther you advance 
towards either Pole, their motion is 
fvifier', aud the farther they are car- 
vied towards the Equator, their moti- 
on is retarded: have little ‘elfe to 
fay to my Reader, for why fhould | 
by aneedlefs Addrefs to him antici- 
pate his opinion of the whole Com- 
polure?. But am apt to believe that 
he will find many things explained 
with 


The Preface. 
with fo much eafe, and improved fo 
exceedingly when compared with o- 
ther Writers upon this Subjeé&, ‘that 
he will be forced to confefs the In-’ 
ftruClions here are ufeful, and adap- 
ted to the meancft Capacities ; which 
was the Sole Aim of 


S. Newton. 
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HAT we may more clearly under ftand this 
Aryt which concerns the motion of a Ship 
upon the Surface of the Sea, we ought to 
know the true Figure of this Terraque- 

ous Mafs. 

Diverfe of the Antients [uppofed the Figure of ovr 
World tobe alarge extended Circular Plain tike that of 
a round Table , founded mpon a Bais or Pedeftal, infix 
nitely continued downwards. 

: Of this opinion was Lactantisu, and others of the Pri- 
itive Fathers: Anaximander fuppofed it to be C\lin- 
drical, like a Drum. But moft Philofophers and all Ata- 
thematicians in our dayes do affirm it Globular or Spherical. 

And that the Earth is Globular or Spherical they 
prove by thefe following Arguments - 

1. The Shadow of the Earth in every Lunar Eclip/es 
projected to the Mfoon, appears Circular, which being 
granted, it necef[arily follows, that the Earth from whence 
this Shadow proceeds, muft be every way Circular; that 
1S, Spherical. 

2. When a Atlan moves divettly North or South, 
the Pole of the World is elevated or depreffed im the pro- 
portion, as the diftance we move upon the Surfase of the 
Earth, (if Spherical) would require 3 

Laftly, Where-ever we ftand upon the Surfaceof the 
Earth or Seasthe Horizon does almayes appear Circular. 
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I pafs by the Objection from the height of Afountains. 
For thefe Inequalities make as much againft the Plane 
Figure of the Earth, as againft the Spherical one, and 
“are lefs then a drop of water could make upon a Table. 
For the Compafs of the Earth. is about 250C0 English 
Miles, and the greateft perpendicular. height of Atoun- 
tains, fearce.above 3 Mile, fothat Mountains are as 
_ nothing in Comparifon of the whole Earth. 

"Tis true that the Earth and Sea feem plain to our 
fight, bue this is becanfe the Eye being elevated only a 
Man's height, or about 6 feet above the Horizon, fees 
only fuch a {mall Portion of the Spherical furface of the 
Earth or Sea, as iscont ained in a Circle, whofe Diame- 
ser is about fix Miles, and fo has no fenfible Curvature. 
And when two Ships fail from one another, the Hulks 
aifappear firft by the convex Brow of the Water rifing 
up as it were between them, 

To conclude, we have feen divers of our Age, have 
gontinued in an Eafterly Courle, til at laff they have 
arrived without turning back, asthe fame place from 
whence the fw it fet foreh, which could not be, if the Earth 
were not of a Spherical Form. Lajftly, we feetke Hea- 
vens themfelves and all the Caleftial Bodies, do ak 
appear Spherical : Then feeing all thefe confiftent parts of 
the Univerfe feem to be Orbicular, why fhould we fancy 
our Globe of different Form from the reft ¢ 
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Of, Aftronomical ana Geographical De- 


fi1i 107 


eT ak Oe Nn ey rg rs ee: 2 yetet 3 
1. WF this Globe of Eavthiand‘Sea be circim= 
{cribed -by¥ a line drawn from’ N°: to‘Ss, 


| Ps ie Lai tl < fs a1 om roilad + Bar fA > rq 

this dine fhal |.be a Cincle,: cailéed =the Mertdian 
T CMs ho PE NS SG bee ee ag ee 

or N°. and South line : for alf thofe lines! which 


canbe drawn upon any Spherical or round Body 
wt neceflarily-be round lines, call “dl Bi vata 

i. 1f- this Globe of Earth-a nd s S Mi cifcint- 
feribed by another circular line at 
the Meridian, ; anc-equally. diftant 
and S°, points of the Meridian, this line fo drawn 
is called the Equator. 

Thus in Figure 1, Let ABQ E reprefent t 
Meridian line,,;drawn about the yround World 
fo fhall, AOE reprefent. the ‘Equater. 

9. If aright line be drawn through the Center 
of the Earth, and’ continued to sthe Nori 
South points of t the Meridiam it is called the in 
of thesWorld. 

Thus:in FigerjLet B reprefent th 


a 
q 


~~ 


e North 
point, and Gag South point of the Meridian, 
then ifthene be\a right linedraw a from 1B threugh 


he Center | q4 | n ; and fe’ 
ite Bow anc cCONLiINUEG- LO , this line BOC 
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_ The ends of this Axis are called the Poles 
of the World; thus B is called the North Pole, 
and C the South Pole. 

Note. all Meridians do meet at the Poles of the 

World: thus BFC. BGC. BHC. do all meet at 
the Poles B and C in Fig. 1. | 

s, That point in the. Heavens which is directly 
over your head is called the Zenith, and. that 
point which is directly under your feet is called | 
the Nadir. Thus in. Fig..2.-HA‘ZNPO. is the @ 
Meridian, NP. SP. the Axis of the World, NP 7 
the North Pole, SP the South Pole, # @ the & 
Equator, Z the Zenith, and N the Nadir. 

6. Wherefoever you ftand upon the Convex wii 
Superfice s of the Earth or Sea,and looking round} ‘in 
about, you fee the Heavens aad the Earth feem to 9 in 
incet, they make a Circle, in whofe Center you | 
ftand, this Circle is called the Horizon, asin Fig. (8 , 
2. HCO reprefents the Horizon, and the Center | ij 
C, reprefents the Place where the Spectator | jy) 
ftands. 

Geographers for the clearer underftanding of 
the Pofition of Places, have invented two terms;/f 
of Art calPd’Latitude and Longitude. 

7. Latitude they fay is an Arch of the Meri+-|] 
dian contained between the Zenith and the E--\@ jy 
quator, or between'the Pole and the Horizon..f .) 
Thus in Fig. 2. if O reprefent the North pointt|@ , 
of the Horizon, and NP. the North Pole of the:j@,, 
world, the Arch of the Meridian contained be--/@ 
tween O and NP is called the Latitude of thei 
Place, and itis always equal to Z/E, the diftances|) 
of the Zenith from the Equator. 


8, Lon- 
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8. Longitude is an Arch of the Equator cor- 
tained between the firft Meridianand the Meridi- 
an of any other Place: Thus in Fig 1. let ABEC 
reprefent the Meridian of the Place propounded : 
ifaythe Meridian BIC curs the Equator inG 
there:ore the Arch of the Equator AG, fhews the 
difference between the firft Meridian ABEC and 
the Meridian of the Place propounded, wiz. BIC, 

Note, Geographers do fometimes (efpecially 
uponourGlobes ) draw the firft Meridian over 
the Azores, becaufe under that Merid.an the Sea 
Compafs has no variation or deflexicn from the 
North or South points of the Horizon: But in 
Maps or Charts they fometimes draw the firft Me- 
ridian over Jezariff, and fometimes over the 
Metropolis of that Country wherein they were 
borne: AsEnglifh-men over London, French- 
men, over Parts. 

9. All that fpace of Earth contained between 
the Equator and the No. Pole is faid to lye in 
North Latitude : thus in Fig. 2. if the Zenith of 
any place lye between the Equator and the 
North Pole, it is faid to lye in N», Latitude. 
Thus Z the Zenith of the Place C falling between 
the Equator @, and the Ne. Pole NP, fhews the 
place at C lyes in No. Latitude : and the number 
of Degrees contained between A and Z, or NP 
and O, fhews the Degreesof its Latitude. Hence 
it follows that whereever the Ne. Pole is 
above the Horizon, that place lyes in North 
Latitude. 

10. All that {pace of Earth containd between 
the South Pole and the Equator, is faid to lye in 
South Latitude, and confequently when the South 


Pol-¢ 
x UDA 
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Pole 1s phil be dip above the Ho wc it oe are in 
South Latitude ; thus alfo i Fiz. 5. if the Zenith 
of any place Lye é between the So ith Pole and the 
Equator that place is faid’ to lye in Sonth> Lati- 
tude: ‘Let the platebe C; the Zenith thereof Z 


falling between SP t! he South Pole, and» the 
Equator, fhews'the place to lyé in South Latitude: 
& Si of Degrees contained between Z 
and A, or between SP ana H fhews the Degree 
of Latitude. 

Note, Mathematicians divide the circumference 
of every Circle mito 360 equal’ parts, called De- 
grees: each Degree into 60 equal parts, called 
Minutes: each miniite into 60 Séconds, ec. the 
reafon spe!) they chofe 360 before any other num- 
ber, 1s becaufe this number contains morea liquot 
parts tan any other, con Mifting of 3 Figures. 

Hence then a Semicircle muft conta In. 186 De- 
grees, and a Quadrant 90 Degrees: And from 
is Bote, and def. oand“ 10; you ~ obibrvé 


» 
nd the n ies 


this A 
that the Pole can never be elvated above the Ho- 
trzon; more than a Quadrant, and cbnfesiae ntly 
the Latitude of places can ‘never exceed 90 
DOPE Tees 
11. Diffe rence ef Latitide'as an Arch of the 
Meridian, contained between any two siven~ La- 


ritades: THA | in Fae, ty if Jone place lye at 1K, 
the other at Ly the arch’ KL4s éalled the d iff. La- 


titude between ‘the two places: 

12. Dill. bone init, isan atch of the Equatot 
contained betwen the th an ans‘of any two places. 
“Tins? int Pigi'r tet fate twa 'Siven places be Mand 
1: es t BMC ye the Nlekidian E the one, — BIC 

rt ff yee ss.) A 


we. 
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cut the Equator at Fand Gs therefore the arch 
FG is called the diff. Long it. between the two 
places. 

13, Ihe Meridians Equator and Hori-on,are 
ca'led Great Circles of the Sphere, becaufe they 

vide the Wo “id into two equal parts ; and the 
ircles KMIN.LPvare. called lefler. Circles, becanfé 

y do not divide the World into two equal, 
ut into two unequal parts. Thefe Circles be- 
ing lefs than the Equator, and parallel to ir are 
called Parallels. 

14. The Declination of the Sun, or any Star 
is the number of the degrees that the Sun or Star 
is diftant from the Equinoctial.. Then, | 

If the Sun or Star. lye between the Equinod tial 
and the North Pole, the Declination thereof is 
called North : but if between the Equipostial 7 ind 
the South Pole, _the-Declination thereof is faid 
to be South, 


——t pee _ re 
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To fied the Ships Lati'ude at Sea, by 
objerving the Meridian Alsraile of 
the Suz or Sars. 


No bierving the Latitude at Sea, we muft al- 
ways haye.given the, Sun or Stars Meridian 
Altitude and Declination : and. muft, dilig zently 
i ed  H 4 ' AO th 
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mark whither the Sun or Star be to the North- 

ward, or to the Southward ofthe Zenith, which 

the Sea Compafs always fheweth. 

~ Lhe Meridian Altitude of Sun or Star is the 

Number of Degrees which the’Sun or Star is di- 

ftant from the Horizon upon the Meridian : and 

this number of Degrees fubtracted from 90°. co’ 
leaves the diftance of the Sun or Star from the 

Zenith. 

- ‘To conceive, the reafon or various operations: 
in Aftronomical Obfervations, you muft protrac&t 
the fame according to thefe following inftructions, 
=n then it will appear. That 


. If the Sun hath No, Dec. the Equinoétial muft: |} 


be eB the Southward of the Sun: andifthe Sun: 


hath $°, Dec. it muft be placed to the Northward| i 


of the Sun. 


2. If you find the No. Pole in your Figure a--/§ 


bove the Horizon, you are in No, Latitude: iff 
the South Pole be above it, you are in South 
Latitude, , 

3. The No. or Se. Pole is alwayes 90°. diftantt 
from the Horizon. 


ee 


q. Yhe Zenith is always fo many Degrees di-|/ 


ate from the Equinodtial as the Ne. or S°. Pole: 
; from the Horizon. 


“In the following Figures HZON reprefents theel] 


Meridian: Z,theYenith, N the Nadir. HCO theell 


Gorizon. - AA the Ec winoétial. NP the No.) 
Pole. SP theS°. Pole. H the South point of thee! 
Horizon. O the Ne..pointthereof. A the Sun im 
Noe, Dec. B'the Sun in South Dec. HA, or HERG 
the Sun’s Meridian Altitude. ZA or: "28 thee 
Compt. thereof, or diftance of the Sun from thee 


Zenithi |: i} 


'\} 
- | 
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Zenith. NPA the Compt. of the Sun’s N>. Dec. 
SPB the Compt. of the Sun's South Dec. ONP (al- 
wayes equal to ZA ) the Latitude or height 
of the Pole above the Horizon. 
PC tiga e ag, 
The Sun or Star having no Declinat. 

A Ship at Sea, March t1oth. 1694. obferves the Sun 

upon the Meridian tothe Southmward of the Zenith 

50? 00. J demand her Latitude. 


Strixe a Circle and Crofs with two Diameters 
HO. ZN at right angles through the Center C, 
then becaufe (in the Example) the Sun hath no 
Dec. and is to the Southward of the Zenith, fet 
the Sun’s Meridian Altitude fron H to ZH: »draw 
the Line ACA to reprefent the Equinodtial : 
then draw NP, SP at right anglesto HCH. It 
is evident from the Figure that ifthe Sun (being 
in the Equinoctial) be upon the Meridian to the 
Southward of the Zenith, the N°. Pole muft be 
to the Northward thereof:.and by the third Rule 
of this Chap. muft be 90 Degrees diftant from 
the point /: therefore NP is the Ne. Pole, and 
being elevated above the Horizon, fhewsthe Ship 
to’be in N°. Latitude. Therefore, 

From HZ 90° 00’ 
Subtr. HA 59° 00 
Remains EZ 40 00. equal to NPO 
the Ship’s Ne. Latitude. 


10 The Art of Navigation. 


PR cop aig 
O Badic HS 4, 
The Sun or Star i in the Zenith. 
Ai Ship at Sea, June roth, 1694. obferves the Sun ups 
onthe 2 terpat lan in the Zenit! h. I demand her La- 
titude. 


By Rule, 1. of this Chap. fet the Sun’s Dec. 
Vik. 23°.30° Noe. from a to E, and dra Ww the E- 
quinoct jal EC fz, and NPC, SP at right an- 
gles tO it, then from. Rule 4th. it is plain that 
Z FLAS equal to ONP, byt ZA is 23°. 30 .there- 
fore the Latitude ONP is 2.2% 30' at becaufe 
NP is above the Horizon, ti herefore the Latitude 
is No. 


P R QO B. 3° Fig. 4 


The Sun or Star having IN°. Dec. and uponthe Le- 
vidian to the Southward. 
A Ship at Sea, May 13. 1694. obferves the Sua upon 
the ‘ setidiae to the Southward 58°. high. . I de- 
mand ber Latitude. 


Set the Sun’s Meridian Altitude foom H to A, 
ane the Sun’s Declinat. by Rule 1. from A to A, 
raw AACE for the EquinoGtial, and NPC. SP 
at t right angles to.it: then becaule the Sun's ; De- 
clinat. 3 iS North, he. muft be.neaver to the N°. 
Pole," aascINP; ‘than he is: to.the South Pole, viz, 


SP therefore 


To 
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Fo the: Sun’s Co, Adtitude nt 32%" oo! 


Fa ghee is _& SS er ee -42 si 
1 to NPO the Ships No. Latitude 
PrR’ O 6B 4. Fi By a. 
The Sun having Soxth Declination, and upon.the Afri 


dian to the Southward. 

A Ship at Sea, Dec. 10th. 1694. obferves the Sun up- 
on the Meridian to the Southward 21°. high. i 
demand her Latitude. 


Set the Sun's Meridian Altitude from:H.to B, 
and oy et -his Dec.23°.30' South from Bto.#, 
draw the Line A A, and NP.! SP at. right 
ate to it, fo fhall NP, orthe North Pole be 
above the Horizon. Therefore, 

From the Sun’s Co. Altitude BZ. 79° -00/ 
Subtr; Sun’s.$°. Dec. BAL ++— 23 90 


ghee [AIT 02 Anu2—oti2_ en!" 90 
equalto ONP the Ship’s Latitude Ne. : 


PR-OB 5. Fig. « 


- 
a . ¥ ; ‘ © ‘ 
The Sun having IN°. Dec. and “pan the Atetidiun 6 
the INorthward. 
A Ship at Sea, May 13. obf Seg the Sun is the 
4 


Meridian to the Northward of her Zenith 58°. big 
‘ “ eee 
yi demand aL de Lat uae 


Set the Suns Meridian Altitude eae 2 to A. 
a : 


and by Rule 1. of this Chap. his Dec. 1 A to 


Peay 7 be 
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A draw A, and NP. SP at right angles to it, 
fo fhall SP be above the Horizon; therefore by 
Rule 2d. of this Chapter, the Ship is in South 
Latitude. 

From the Co. Altit. ZA 32° . 00’ 

Subtr.the Sun’s Dec.N°.ZA 20. §1 

The Remainer is ZE Il og equal 
to HSP the Ship’s South Latitude. 


Pi OoB: .6.: heeG, 


The Sun having South Dec. and upon the Meridian to 
the Northward, near the Horizon. 

A Ship at Sea, Dec. roth. 1694. obferves the Sun 
upon the Meridian to the Northward 12°, high, £ 
Demand her Latitude. 


Set the Sun’s Altitude from Oto B, and by 
Rule 1. of this Chap. his Dec. from Bto #& ; 
draw AA and NP. SP at right angl’s to it: fo 
fhall SP be above the Horizon. Therefore, 

To the Sun’s Co. Dec. SPB 66° 30’ 

Add his Merid. Altit. OB 12. oo 

The fum is SPO — —-—78 3bdequal 
to Z JE the Ships South Latitude. 
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PiR: © |B, 2905 Figo 7, 
The Sun having South Dec. and upon the Meridian to 
the Southward, near the Zenith. 
A Ship at Sea, Dec. 12. 1694. obferves the Sun 
upon the Merid. to the Southward 78°. high. I 
demana ber Latitude. 


Set the Suns Altitude from Hto B, and by 
Ruler. his Dec. from Bto A, draw AA, and 
NP. SP at right angles to it, fo fhall SP (Cor the 
South Pole ) be above the Horizon. Therefore, 

From the Sun’s Se. Dec BA 23° - 30! 

Subtr. his Co. Altit. BZ — 12 00 

Remainer is Z # ——Ir 30 equal 
to SPH the Ship’s South Latitude. 


Ped 


PROB. 8.) Fig. 4. 


To find the Ship's Latitude by the Stars. 
A Ship at Sea, obferves Lyra upon the Meridian to 


the Soutkward §8°. high. I demand her La- 


titudt. 


Set the Meridian Altitude from H to A,» and 
becaufe this Star hath Ne. Dec. fet its Dec. from 
Ato A, draw QCA ,and NP. SP at right angles 
to it: thenit is evident the Ship is in North 
Latitude. Therefore as in Prob. 3. 

To the Star’s Co, Altitude ZA 32° Oo 
Addthe * North Decl. AA 38 32 


= 


The fumm is ZH ——- ——- 50 32 


equal 
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equal to NPO the Ship’s N°. Latitude required. 

Hence it appears that all obfervations of the 
Ships Latitude at Sea, taken by the Sun or Starsy 
are to be wrought by. the fame rules, 


PLR Owe 90: Fig. 


Having the Latitude of any place given, to find the 
Suns Meridian Alvitude in:that place, for Ary aay 
in the Year. : 

The Laatat vide of Liond. being R19 3132 "Ne. Idemaid 
thesuns Meridian Alitude sller es wpon the voth 
of ‘June. 


Set the-Latitude from O to NP, and draw NP. 
§P,,and-A:C# at right.angles tots, then fet the 
Suns Dec. for Fase i moth. -viz.'2i3?. 30’ (North 
from & to A, fo fhall H A be the Sun’s Meridian 
Altitude required,: + Therefore, 

To. Co. Latitude H EH 38° 28! 
Add the Su’sN°,Dec. BA 23°30 


Sum.is:H A ——~—— — 61 58 The 
Suns Meridian Altitude for the day required at 
Lond. 
And hus alfomay you find the: Meridian Att 
tude ofany Star, in anyplace whofe Latitude 
known. 


CHAP. 
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ot 


CH A’P.’ ff. “Fie 8 


‘oO! 


Concerning the Quantity of a Degree in 
aigredt Circle, upon the Crrenmference 
ihe Earth, 


‘AE moft< acute Witsin former Ages» have 
fpent much pains inthe inquiry after ‘this 
ufefal piece of kwowledge ; elfe fo many Excellent 
Volumes wrote upon this Sabject had not: been 
handed. down to.. Polterity:| Diogenes. Laertivs 
commends Avaximiander, becavfehe firft took this 
Subject toctask, nec is Hiftorians'tell.as, Ana t- 
mandeér \ived 75° Years. beorethe ‘birth of our $a- 
viour:E yar sab enes {ucceededtAnaximande; sand lived 
about 200 years before : Chrift : Eut the methods 
he ufed for: the foliation of this Propofition, inju- 
rious time ‘has deprivé da IS Of. Pokdonins ap peared 


v 
1ext, who.lived fome fewears beforerthe Incar+ 


a 


ow 


nation,: Thefe excellent Men did induftrioufly 
endeavour the folution of th >Prop. -but br ought 


it nob to that degreevof perfection whi ‘ds fucceed- 
ing Agvesatta ihed ito. And . trom that time tothis 
prefent'Geherat on’ we’ meet with none excepting 
fome Arabians and Sa-ueens haverendexvoured the 
improvement of it, And -in this sCentuty we 
‘find the: dearned Syeliixs, Mathematical Profeflor 
‘Qt *Leydén', “enquiring amto :the practice, of the 
Ancients 
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Ancients concerning the Quantity of a Degree in 
a Great Circle upon the « ircumference of the 
Earth ; he fufpecting their performance, with in- 
credible Induftry undertook to determine the 
Quantity of aDegree, and afhrms a Degree con- 
tains 28509 Perches, each Perch ‘containing 
12 Rinland feet : but a Rinland foot exceeds the 
Fnglith foot by .033, fuppofing an Englith foot 
divifibleinto 1000 equal parts. Therefore 28500 X 
12 produceth 342000 Rinland feet, which mul- 
tiplyed by 1.033 produceth 353286 Englifh feet, 
for the Quantity of a Degree required. This 
proportion between a Rinland and an Englith 
foot, I find in Sir ‘Yonas Moor’s Fortification: and 
others. But Mr. Norwood in his Seaman's Practice, 
Pag.34.tells you 96 Rinland Feet make 91 ¢ Englifh 
feet which by this Proportion in Sir, jonas Moors 
thould be made 99. 4=5,Englifh fect but upon ex- 
amining “Mr. Normoods foliowing, Proportions} 
find this 91 4 fhould be 99. 168 and. that- the 
fault lyes in the Printer, notin that Induftrous 
Author. 

After Swellius we meet with Tacguer, who de- 
livers his Opinion of Szelliu’s Experiment in 
thefe words: Geom. Prac. Lib.1. Cap. 4. Prob. 4.. 
Ceterum Sacllii ifta Dimenfio non admodum probabslis 
cf, quod ex. nimis multis operationibus fit con post 
ta, gnarum errores fingularum fimul juntht. ervorem 
magni pofunt efficere. In the next place we find 
Ricciolus, a learned Jefuit, who neither Sparing 
for Money nor time, made the Experiment, and 
found that a Degree did contain 72 ; .Bonentan 
Miles ; but a Bononian Mile contains 5000 Bononian 
Feet, cach Bovonian Foot containing 12Q4 parts, 

1002 


ee 4 
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1000 whereof make an Englifh foot; thereforé 
72% multiplied by sooo, produceth 361250 Bo- 
nonian feet, which multiplied by 1204 produceth 
434945000, thisdivided by 1000, the Quotient is 
434945 Englifh feet in a deg. which divided by 
5280 the Englifh feet in a mile, gives 82. 375 
Englifh miles in one degree. 

Laftly, Our Country man Mr. Richard Norwood 

made an experiment to this ‘:purpofé, and found 
the quantity of adegree of a great Circle upon 
the furface of the Earth to be 367200 Englifh 
feet, which is much different from that of Riccio- 
lus; and feeing fuch experiments are not fit to be 
undertaken at the charge of a private man’s for- 
tune, as Mr. Norwood intimates; we may con- 
clude that Ricciolus his experiment made at the 
experice of the Jefuits Purfe, (he being a mem- 
ber of that Society ) was far more exact and _ cer- 
tain. 
_ Thus I have given you 4 brief account of thofe 
Famous Men in feveral Ages, who attempted the 
difcovery of a truth fo ufeful to mankind, I hall 
fiow fhew you the method fome of them made 
ufe of , for the performance of it. 


FIG. 8. 


They firft pitched upon two places, both un- 
der one Meridian, reprefented in the Heavens by 
the Circle BEAFDM, and on the Earth by the 
Circle GHIKL : the two places we will fuppofe 
to be Hand I: then by the foregoing Chap. or 
elfe by the Circumpolar Stars (far more conve- 
nient for the prefent purpofe) they found the 

G Latitude, 
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Latitude, or Poles height at both thefe places, 
which from the Figure may be eafily conceiv’d ; 
thus BCD will be the Horizon of the place at H, 
and BN may reprefent the height of the Pole 
there: and ECM the Horizon of the place at I, 
fo thall EN reprefent the Latitude of the place 1, 
and N fhall be the North Pole. Then with all 
poflible exactnefs they meafured the diftance of 
thefe two places, viz. the Arch HI, and by fub- 
tracting the lefler Latitude EN, out of the great- 
er BN, the remainer is BE the-r diff. Latitude : 
then becaufe BA, and EF are both Quadrants, 
therefore EE fhall be equal to AF; thus the 
two Arches AF, in the Heavens, and its refpon- 
ding Arch HI on the Earth are both known: for 
by meafure the Arch HI was found to contain 


“s 


121. ~3+ miles,andthe diff. Latit. or refponding 
Arch in the Heavens, viz. AF was 1°. 45. and 
thefe two Arches AF. HI are like by 33.6: Enc. 
therefore, as 1°. 45’. is to 121. 7o4 miles, 
fo is 360 (the degrees in the circumference of 
any Circle) to 25036. ;36 miles in the Ambit 
or Circumference of the Earth, which divided 
by 360 gives 69. ,+43 Englifh miles for the quan- 
tity of adegree required. 

And thus did Mr. Normood proceed, for firft 
he pitched upon the two famous Cities of this 
Country, Lenxdon and York, and having found as a- 
fore the true diff. Latitude between them, he 
meafured their -diftance afunder-, and then by the 
foregoing proportion difcovered the quantity of 
adegree; only in meafuring between them he 
did not confine himfelf to the Meridian, but de- 
‘~yiated _Eaftward or Weftward, as Occafion offer- 
: ed ; 
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ed, and fo by keeping an-account in form of a 
Ships traverfe, he found the Meridional diftance 
between the two places. 


F'E Gs 9: 

Eratofthenes his method was this, he: firft af- 
fumed two places lying under the fame Meridian, 
the one was Alexandria im Fgypt, where he livd, 
the other was Syene,a City lying underthe Tropick 
of Cancer,and confequently by Chap.2.the Latitude 
thereof was 23°. 30°. North: Hence alfoby Prob. 
2. of Chap. 2. when the Sun came to the firft 
point of Cancer, or (which is allone) when the 
Declinat. was 23°. 30’ N°. which happened up- 
on June 17th or 18th. then he mult be in the 
Zenith of.that place, and his Altitude muft be 
90°, oo’! therefore he took the Sur’s Meridian Al- 
titude June 18th at Alexandria, and by Chap, 2. 
found the Latitude thereof to be 30° 58’. Ne. 
and confequently the diff. Latir. between thefe 
two places to be 7°. 28’. and thus the Celeftial 
Arch contain’d between the Zenith of thefe two 
places was difcovered: next he meafured the 
diftance between them upon the Earth, carefully 
obferving not to deviate from the Meridian 
under which the two places lay: and thus he 
found therefponding Terreftrial Arch, and then 
proceded as afore. 

But the moft remarkable circumftance in this 
Experiment was his method of finding the Sun’sAl- 
titude upon the Meridian at thefetwo places, which 
he did by a Concave Hemifphere witha ftyle 
erected perpendicular from the concave Nadir 
point, as CD, upon whichthe Sun fhining from 

C2 A, the 
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A, the Ray ECF determined the Meridian Alti- 
tude thereof, as GE or HF; and at the fame 
time he found the Co-altitude, or diftance of 
the Sun from the Zenith BE or FD, but at Syene 
the fame day, the Sun could make no fhadow, 
becaufe he-was in the Zenith therefore he conclud- 
ed that BE was the true Zenith’s diftaneeor diff. 
Latit. between thefe two places, ec. 

Pofidowius his method was this, Fig. 8. 

He aflum’d two places under the fame Meridi- 
an, as A reprefenting Rhodes where he lived, 
and F Alexandriain Egypt. \nthefe two places 
he obferved Canobus (or the bright Star in the 
Stern of the Ship) upon the Meridian, and 
whether this obfervation be made upon the fame, 
or upon different days, it matters net. But 
this Star was not feen above, but only in the Ho- 
rizon BKD at Rhodes, and at Alexandriathe Mert- 
dian Altitude thereof above the Horizon ECM 
was found to be MD, or 7°. 30’. which is exact- 
ly the 48th part of 360 degrees ; then he meafu- 
red the :refponding Terreftrial Arch LK, and fo 
proceeded:as afore. 

The excellent Varenius, and others give you 
an account of diversother ways for finding the 
quantity ofa degree upon the Earth, without the 
help of Aftronomical Obfervations ; but moft of 
thefe being tranflated into Englifh, I refer the 
Readerto them, rather than fpend more time in 
tranferibing of them. 


CHAP. 
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COTE REP? TY: 
Of the Log-Line. 


| \ivers ways have been invented for finding 
1 the Ship’s motion at Sea ; but the moft ufual 
way is by the Log-line, 

It is. taken for granted amongft our Englifh Ma- 
tiners that when this, Log is caft oyer.board, 
( with fufficient allowance for {tray-line,). it re- 
mains quief{cent upon the furface of the Sea: the 
line to. which the Log is made faft, they ufually 
divide into certain equal {paces called knots,each 
42 foot diftant from other ; and then by help of a 
Glafs, which ought to contain 3 aminute,they find 
how many knots the fhip runs away from the Log 
in that quantity of time;.and then they conclude, 
that if the Ship runs out one knot in a minute, 
fhe runs one mile each hour : and 60.0f thefe miles 
they fuppofe to be a Degree upon the furface of 
the Earth or Sea. But before we take this fuppo- 
ition to be true, let us. examin it by the rule of 
reafon, whether or no it will endure the Teft. 

seeing the Ship’s motion depends altogether 
upon the truth of the + Minute Glafs, we will 
enquire the way how to find the quantity of an 
> Minute, which being repeated as often as you 
pleafe, will ftill produce the &mé. 


C 3 The 
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The fixed Stars move more regularly than any 
of the Superiour Bodies, and their Equatorial 
motion is 1.degree for every 4 minutes in 
time: therefore if we find any, two Stars whofe 
difference in right afcenfion is 35. the Center of 
one of thefe Stars being uponthe Meridian, the 
Center of the other fhall come upon the fame Me- 
ridian in 3 a minute’s time after the other. As 
thus, if the little Star in the Eduction of the 
Crane's Tayle ( whofe right afcenfion for the year 
1700 ) is 33 6°. be upon the Meridian, the Sou- 
thern of the two in the Brealt of Pegafus, (whole 
right afcenfion for the fame year is 334 ) fhall 
come upon the fame Meridian $8 minutes after. 
Therefore their Equatorial diftance in time, be- 
ing 8 minutes, we are to find fome particular me- 
thod for meafuring this or any other quantity of 
time, whichis moftexadtly done by the Vibra- 
tions of a Pendulum, which may be demonftrated 
to be Equitemporal. | aM a 

Experience confirms this Truth, that if there 

be a Pendulum whofe length (from the Center ) 
is 39.2 Inches, it vibrates Seconds, or fixty 


times in a minute; therefore for the tryal of | 


your 1 minute Glaffes, fet ene of thefe Rendulums 
in motion, and at the fame time turn the Glafs ; 
and if the Glafs be true,the Pendulum fhall vibrate 


or crofs the Perpendicular juft 30 times before. 


the Glafs be run out: but moft of thofe Glafles 
now us’d by our Seamen, feldom contain more 


that 25, or 26 Seconds: hence it 4s evident, |): 


their Glaffes @o not contain a true * minute, 


And if yon woud: figd the.quantity of time }) 
meafured, |)" 
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meafur’d by any other Pendulum whofe length i$ 
greater or leffer than 39. 2 Inches, this is. 


The Rule. 

The lenzth of Pendulums are to each other re- 
ciprecally asthe Squares of their vibrations in 
the fame time. 

Thus, ifa Pendulum 39. 2 inches long, vibrate, 
ot crofs the Perpendicular 60 times ina minute, 
how oft will a Pendulum is. 5 inches vibrate in 
the fame quantity of time. Say if 15. 5 inches, 
require 39. 2 inches, what fhall 3600 (the {quate 
of 60 Seconds) require. Anfwer, the fourth 
proportional number is 910g, whofe fquare root 
95 gives the number of vibrations or fwings that 
Pendulum fhall make in one minute. 

The demonftration whereof you may fee.more 
at large in Kercher’s Adundus Subterran. Ricciolus, 
Galileo, and Mr. Molineux in his Scioth. Telefcopic. 

Thus it is evident the common 3 minute’Glaf- 
fes are falfe : we will next enquire into the Divi- 
fion of the Log-line, where each knot is 42 foot 
diftant from other. 

An Englifh mile contains 8 Furlongs, each Fur- 
long 11 Scores,-and every Score 20 yards. So 
that a Statute mile contains 1760 yards, -or 
$280 Englifh fect. Then feeing there are 120 
half minutes in.an hour, there ought to be 120 
times 42 feet ina mile : but129 multiplied by 42 
produceth only sa40 feet, fo that by this com- 
putation, they make only 504 feet in a mile, 
which is 240 feet fhorter than it ought to ‘be: 
thas @ appears that not 42, but q4 feet’ anfwer 

to the 129th part of an Englith mile : and confe- 
| C4 fequently 
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fequently, both the common Glafs and Divifions 
upon the Line are erroneous. 

And becaufe our Seamen are not eafily perfwa- 
ded to leave any old cuftom; we will continue 
the fame Glafs and divifion of the Log-line, and 
yet find the Ship’s true motion thereby. 

For the performance whereof you muit exa- 
mine the quantity of your ? minute Glafs, by a 
Pendulum of 39. 2 inches long: the weight ap- 
pended being about one pound, and if you find 
this Glafs to contian 25,26, or any other nupgber 
of Seconds. Say, 7 

If 25 Seconds require 42 fect, what fhall 3600 
Seconds require? Anfwer 6oqgofect. Again, 

If 26 (or any other number of Seconds) re- 
quire 42 feet, what, fhall 3600 (the Seconds in 
an hour )require ? Anfwer 5815 feet : hence it ap- 
pears that the fhorter the Glafs, the longer isthe 
Ship’s diftance : andthe contrary ; thus if the 
Glafs contain 30 Seconds, the Ship’s diftance run 
will be 5040 feet.each hour. 

To apply this to our prefent purpofe, I told 


you iathe foregoing Chapter, that a Degree ina Y 
great Circle ( upon the furface of the Earth) did {f 


contain (by Mr. Norwood s Experiment ) 69. 548 
miles,or 367200-Englith feet : and feeing our Sea- 


men, do ufually, divide a Degree into 60 equal 

parts; called miles, or minutes, every of thefe } 
parts muft be greater thanan Englifh mile: there- ) 
fore if you. divide. 367200 by.60; the Qnotient | 


6120 will be the number of Enghifh feet contain- 
ed)in one. of. thefe Sexagenary miles. . Thenifthe 


Glafsicontain .25 Seconds, ‘and..the diftance be- — 
tween any 2 knots he 42 foot ; it is. evident that if ff 
| the | 
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the Ship runs away from the Log-board 42 foot 
in 2< Seconds of time, fhe muft run 6040 foot 
in 3600 Seconds or one hour’s time, that is the 
Ship muft run $242 of a mile, 60 whereof make 
a Degree. But this vulgar Fraction may be re- 
duced into a Decimal Fraction, by this following 
Proportion, viz. 

If 6120 require 1ooo, what fhall 6040 require? 
Anfwer, 986, which being the Decimal parts of 
amile which the Ship is fuppos’d to move in one 
hour, when the Glafs contains 25 Seconds ; we 
may make a Table to fhew by infpection the num- 
ber of miles run by the Ship, for any number of 
knots, viz. by the continual addition of 986, or 
by multiplying it by allthe 9 Digits. 

And becaufe all Glaflesare not of alike con- 
tent, and that every Seaman is not acquainted 
with Decimal Arithmetick, Ihave here added 
thefe following Tables. 


TABLES 


kes 
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Tables for finding the Ship's true motion at Sea, 
by the Log -kuo's being 42 feet afunder, for 
all Glaffes from 23 Seconds to 30 Seconds 


\"~ Glafs 23 Seconds. Glafs 24 seconds, 


Knots (Miles & ,ratho- £090 pts'!Knots (Miles & 
1000 fi mile | | 1000 
i 


tathio, 


parts 


ar Obes: " ro7 ys HE C29) 1 103 
2/2 148 2,214 22.0581 2} 206 
313- 2221 3. 322 3/3. 087] 3] 309 
4/4. 2956/4 429 44-116) 4) 401 
5/§° 379) §)0537 $\5- 145] §) 514 
6/6. 444, 6) S44 | 66.174 ° 617 
717 518) 171 752 7(7- (203) 7] 720 
8/8. 592) 8] 859 | 88.232] 8} B23 
919 666) Ol 966 9,9: 261 9| 926 
TO'IO.9740 19)10.290 | 


Glafs 25 Seconds. | Glafs 26 Seconds. | 

1/3. 987] 1) .98 | 1/0. 950, I 95| 

ats 974 2| 196 | 2\I. 900 2| 190) 

3)2. 961 3} 294 312. Borsa 
| 4/3. 948) 4} 392 4|3- 800] 4} 380 
| S\4- 935) §} 490 Sj 759} §] 475 
La RS 922) 6} 588 6/5. JOO] 6 §7 
| 7\5. 909, 7 686 716. 6501 7 665 
| -& Sia, 896, 8} 784 8/7. 600 8] 760 
| 9[8. 883° 9} 882 | 98. 550] 9] 855) | 
lot LClOv BRS 1019. §OO 


pr ee 


Glafs 27 Seconds 
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~ Glafs 28 Seconds. Sy 


27 


\<now) anes &|ra- 1v0@ pl: Miles& Fa- 1200 
i009 ~— |thoms Jof. a miJe}<nors | 1000 \thoms|pzs 0 
| esi parts. |____|amile 
gh: aR: 1] 9g! 10.882 | 1| 88 
} 24. 830 2} 183 21.764 | 2, 176 
|} 3)2- 745) 3,274 32.646) 3 264 
pion PPA? 4 1978 43.528) 4, 353 
5/4. 575} 5) 457 54-410] 5 441 
615. 490° 6) 549 65.292 6, §29| 
715. 40§ 7, 630 76.174 7; O17 
8]7.,.320| 8 732 87.056 | 8 705 
| 643.235] 9, 824 97-938 | 9, 794: 
HOH). 1§9 2b ae | (51:0:8.820 
__Glals 2y Sec onds. | Glafs 30 Seconds. 5 
modo. Saf ay By 10. 823! a 82 
2|I. 704 21 1790 ee 645 2) 164! 
3i2. §56) 3) 255 32.469 3 247) 
4)3- 408) 4] 341 43-292, 4 329 
5}4- 260 §| 425 Si ris § 4111 
65. 112 6} 511 64. 938, 6) 49a! 
115: 964) Wh 596 75: 75 7, $76, 
85. 816) S$} 682 ee. 384, 8, 658 
97 668] 9} 767 7-40F) 9 741) 
10}3. 520 rol 230 
The ufe of shefe Tables. 
Hen the Glafs is 23 Seconds, ifthe Ship 


runs out one ‘knorin the time of one Glafs, 


fhe muft run 1.074 mile an hour, if two knots. 
parts of a mile in one 


fhe runs 2 miles and 


148 
10909 


hour « 
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hour: and fo for more knots, fhe muft run more 
miles. and thoufand parts of a mile per hour. 

The fame you muft underftand of all the other 

Tables, according to the length of the refponding 
Glaffes. 

But becaufe the Ship doth not always run out 
even knots, but many times 1. 2.3 knots and 
fomewhat more, therefore that you may exactly 
Know the Ship’s motion, ( when fhe runs more 
than an even knot ) without guefling, I have 
thought of this following help, viz. take a Line 
equal in length tothe diftance between any two 
knots, divide this Line into 10 equal parts, and 
at each divifion make fomany diftingui ifhing marks, 
(by pieces of Leather, or feveral coloured cloth) 
as there are equal parts inthe whole. This line 
fo divided: and marked; I call the Fathom- 
line. 

The ufe of this Fathomeline is} thus, when the 
Ship hath run-out more than an even kn 10t, apply 
this Fathom-line to the neatelt knot in the Log- 
line, fo fhalt ethis Fathom-line fhew the number 
of Decimal parts of a knot which the ship hath 
run more than. aneven knot. Then in.each of 
the foregoing J_og-T ables you have the Millefiimal 
flee ofa rife antwering to the refpective num- 

er of Fathoms: Thus, “fappofe a Ship (by a glafs 
of 3 25 Seconds) runs out 4 knots and 75, or % 
Fathoms in the fpace of .2'5 Seconds, ; 

I sisuise how many miles and parts fhe runs in an 
nour § 

In the Fable.of 25 Seconds,, you find againft 
4.knots,.ftand 3. .948 miles, and againft 8 Fa- 
thom in thefame Table! ftand 17345 which added 

tO 
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to 3.948 makes 4.732 miles, or 4 miles and 
239 parts of amile for the Ship’s diftance\run 
that hour: and thus you muft proceed with any 
other number of -knots and Fathoms, which bes 
ing very plain and eafie, I need not {pend more 
time in adding more Examples. 

Thus I have demonftrated that the Ship’s mo- 
tion at Sea depends upon the Glafs: for when 
the Glafs contains only 23, or 24 Seconds, the 
Ship then runs fomewhat more than a Sexage- 
nary mile every hour, and when the Glafs 
contains 25, 26, 27, 28, 29, Or 30 Seconds, 
then her motion is lefs than a mile each hour. 
Yet our Seamen commonly eftimate the Ship 
runs fo many miles every hour, as fhe runs knots 
in the time of one Glafs, let the Glafs be any 
number of Seconds made at all adventure, and 
notwithftanding this evident demonftration; it is 
to be feared that Cuftom and Prepoffeffion will 
not fuffer them ta embrace a Truth fo practical, 
eafie and ufeful. 
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To reduce Sexagenary Miles.into Englith 
Miles ; and the contrary. 


WN the third Chapter I gave you an account of 
fome Experiments made for finding the quan- 
tity of a degre? in a great Circle, upon. the fur- 
face of the Earth or Sea,where it was demonftrated 
that 69.°+*+* Englith miles anfwered to a degree. 
But at Sea we generally allow adegree to be divi- 
ded into 60 equal parts, therefore 69. 548 divi- 
ded by6o, the Quotient 1.159 isthe quantity of 
a Sexagenary mile: Hence it follows that to re- 
duce Sexagenary into true Englifh miles you 
mut{t 
Multiply 1. 159 by the number of Sexagenary 
_ miles, that product divided by 1000, the Quotient 
is the number of Englifh miles required. 
And onthe ccntrary, to reduce Englifh into 
Sexagenary miles, You muft 
Multiply the number of Englifh miles by 1000, 
that Product divided by 1.159 the Quotient 
gives the number of Sexagenary miles contained 
in all the given Englifh miles. 
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EXAMPLE. 


In 234 Sexagenary miles, I demand how many 
Englifh miles. 


1)271 | 206 | 271,325: 
C00 | . 

Thus it appears there are 271 22 Englith 
miles in 234 Sexagenary miles. 

But to reduce Englifh into Sexagenary miles, 
as thus, let it be required to find how many Sex- 
agenary miles there are in 234 Englith miles. 

234 
I1OOO0 


eal 


1. 159).234000 (201 


AAAI 
10 
Anfwer there are 201 {241, Sexagenary miles 


in the number of Englifh miles given. 

And thus it isevident, that all diftances found 
by the Ship's motion at Sea, being computed ac- 
cording to the Sexagenary Divifion of a Degree, 
are leffer than they ought to be. 

Divers other things might be drawn from the 
Principles in thefe two Chapters,which for brevi- 
ty [I omit to mention. 

CHAP, 
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The Dottrine of Plain Triangles. 


FICHE whole Art of Navigation confifts in 

the application of Plain and Spherical Tri- 
angles, For all queftions in Sailing upon the 
Plain and True Sea Chart, are refolved by Plain 
Triangles: and all Geographical and Aftrono- 
mical Problems are drawn from a Spherical Tri- 
angle. 


DEFINITIONS. Fig. to. 


1. ACB, DCE, being two lines drawn through 
the Center C, are called Diameters. 

2. A right line drawn from the Center C to 
the circumference of the Circle, is called the Se- 
midiameter or Radius of the Circle ; thus CA, 
CB, CD, CE, are called Semidiameters, or Radu. 

3. An Archis any part of the circuitiference 
of a Circle, thus FBI is called an Arch. 

4. A Chord isa Right-line drawn from one 
end of an Arch to the other, thus FKI, 1s called 
the Chord of the Arch FBI, and alfo is the Chord 
of the Arch FAJ, the Complement of the Arch 
FBI to a Circle. 


5. The 
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5. The right Sine of an Arch, is aright line 
drawn perpendicularly from the term of that Arch 
upon the Diameter: or which is all one, the 
right Sine of an Arch is 3 the Chord of twice 
that Arch. Thus FB, BI are two equal Arches. 
FKI is the Chord of thefe two Arches, and FK } 
the Chord thereof is called the Sine of the 
Arch FB. 

But the fine of an Arch lefs than a Semicircle, 
is the fine of the Complement of that Arch to a 
Semicircle, and thus FK is not only the fine of 
the Arch FB, but alfo of its Complement to a Se- 
micircle FDA. 

6. If from C the Center of a Circle, through 
F the term or end of the Arch BF there be drawn 
an infinite right line, as CFG, and from B the 
end of the Diameter there be erected the-per- 
pendicular BG, and thefe two lines be continued 
till they meet at G, the Perpendicular line BG 
fhall be the Tangent of the Arch BF, and the 
other line CG fhall be the Secant of the fame 
Arch. 

By thefe Definitions it is evident that LF is 
the fine of the Arch DF, and alfo the fine of its 
Complement to a Semicircle, viz. of the Arch 
| FBE. AIfoDH isthe Tangent of the Arch DF, 

or the Tangent of the Complement of the Arch 
| BF toa Quadrant. AndCM is the Secant of the 
| Arch DFor the Secant of the Complement of the 
| Arch BF to a Quadrant. 
| The fides of all Plain Triangles are meafured 
| by fome line of equal parts, as of Leagues, Miles, 
Poles, yards, Feet, Inches, Barley-Corns, or any 
| other lefs meafure. Thusin Figure the 11. the 
D ling 
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line AC is called the Hypothenufal, AB the Bafe, 
and BC the Perpendicular. 

But AG in this Figure is made the Radius or Se- 
midiametér of a Circle, and may be divided in- 
tO 10, 100, 1000, 10000. Or any other number 
of equal parts confifting ef an Unite with Cy- 
phers ; then by definition the sh BC will be the 
fine of the Atch CD, and AB will be the fine of 
the Arch AE, and thefe two fines wil] contain 
fome certain number of equal parts, which muft 
be meafured by the fame Scale wherewith AC 
was meafured. - Again, in Fig.12. AB is made 
the Radius or Semidiameter of a Circlejand muft 
be divided into fome number of equal parts con- 
fifting ofan Unite with Cyphers, then by definit. 
6. BC is thetargent of the Arch BD, and AC 
the Secant thereof, and thefe two, viz. BC, AC, 
muft be meafur’d by the fame Scale wherewith 
AB the Radius. was meafured. 

7. An Angle is the inclination of two lines 
the one to the other, as in Fig. 11. the linesCA, 
BA both meeting in one point A, make an An- 
gle, and the point A where thefe twolines mect 
is called the angular point. 

Sometimes there are many lines drawn from 
one angular point, as in Fig. 10. from the Center 
C, there are drawn the lines CA,CD,CF,CB,and 
the feveral Angles proceeding from this point C, 
are diftinguifhed by three Letters, the middle- 


moft whereof denotes the angular point. Thus: 


the lines CA, CD make an Angle ACD, or DCA: 


the lines CD, CF make the Angle DCF, or FCD,,| 


and the lines CF, CB, make the Angle FCB, 
or BCF. 


8. Tf i 
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3. Ifany two lines making an angle, (or meet- 

ing one point) be perpendicular to each Other, as 

are the two lines CA, CD, the angle fo made is 

called a right angle, as ACD, which is always 
€qual to the fourth part of a Circle or.90°, oo! 

g. An acute angle is always lefs than a right 
angle, as FCB, orBCF. . 

10. An obtufe angle is always greater than a 
tight angle as ACF, or FCA. | 

The angles of every Plain Triangle muft be 
meafured by a Circle deftribed upon the. angular 
point, Thus the Quadrant or right angle ACD 
contains 90°. oo’. and when it is known how ma- 
ny degrees are contained in the Arch BF, the 
meafure of that angle is faid to be known. 

From the foregoing definitions itis evident that 
any one of the three fides of a right-angled plain 
Triangle may be made the Radius of a Circle, 
and then the other fides will either be both 
Sines as in Fig. tr. or the onea iangent, and the 
other aSecant, as in Figure 12, and thefe Sines, 
Tangents or Secants are called Natural - from 
which definitions, the Tables of Natural Sines, 
Tangents and Secants took their Original: by 
help whereof the Ancients did expedite the. fo- 
lution of all Plain Triangles. For when any One 
fide of a right angled Plain Triangle is made the 
Radius of a Circle, and it be known how many 
parts of that Radius are contained in the o 
ther fides, the folution of that Triangle is eafily 
expedited from 4. 6, Enclid. 

EXAMPLE. 
In Figure 11. letthe Radius AC contain 100900, 
and let the angle CAB ( whofe meafure is the 
D 2 Arch 
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Arch CD.) be 30°. then fhall the angle ¢CB 
€ whofe meafure is the Arch AE) contain 60°. 00’. 
but thefe two fides AB, BC are Sines, by defin.s. 
therefore in the Table of Natural Sines, find the 
Sine of 30°, whichis so0-0, and alfo the fine of 
0°, 00’. which is 86602, then it 1s evident that 
feeing CB is the Sine of the Arch CD, CB fhall 
be 50000, and AB 86602, and thus the three 
fides of this Triangle are known in parts of the 
Radius, thenif the three fides of this Triangle 
be meafured by any other Scale ( different from 
that whereof the Radius AC did contain 100000) 
the numbers or meafures found by both thefe fe- 
veral Scales fhall be proportional 4.. 6. 
Enclid. 

For let AC by any other Scale contain 246, 
then if you defire to find the length of the other 
two fides AB, BC, by the fame Scale, Say 

If AC 100000 require AC 246, what fhall BC 
50009 require. Anfwer 123, BC. | 

100009— 246 — 50000 
§0000 
123. O00@O 
eee BC 
Again, as AC 100000 —246 ~--86602 
246 
519612 
34.6408 
173204 


— 


213.C4092 


(er ee st 


Thus 


el 
‘ft 
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Thus it is evident that if AC 1009¢o reqhire 
AC 246, then BC 52000 will require BC 12}. 
and by the fame proportion AB 86602, will re- 
quire AB 213. Thefameisto be underftood of 
Pangents and Secants. 

And thus the bufinefs of Plain Triangles will 
appeaf plain and eafie:and the folution thereof by 
natural Arithmetick, is performed only by Mul- 
tiplication and Divifion. And becaufe the pra- 
ctice of Multiplication and Divifion is very trou- 
blefome, and tedious, the renowned Napier, Ba- 
ron of Marchefton, has invented certain Loga- 
wthinical numbers, called Artificial Sines, Tan- 
gents, Gc. which perform the bufinefs of Mul- 
tiplication by Addition, and that of Subtraétion, 
by Divifion. 

Thus I have explained the nature of the Men- 
furation of Plain Triangles, I fhall now lay down 
fome other neceffary Precognita’s , and then 
proceed. 


THEOREM 1. Fig. 14. 
If any two right lines crofs ome the other, the oppofite 
angles {hall be equal. 


Thas the two right lines AE; BD crofling each 
other in C, do make the angles ACD, BCE équal 
to each other. 

Demonftr. from C as a Center, ftrike the Cir- 
cle FGHI, then fhall IFG, GHI be two equal’ §e- 
micircles,by 18 Def. 1. Euclid. alfo FGH,FIG hall 
be two Semicircles; but all Semicircles having 
the fame Diameters, are equal to each other, 
and therefore thefe four are Semicircles mutually 
equal to eachother, D 3 Then 
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Then if from the Semicircle IFG, you take 
away the Arch FG, there will remain the Arch 
iF: alfo if from the Semicircle FGH,you takeaway 

the Arch FG, there will remain the arch GH, there- 
fore if from two equal Semicircles’, IEG, FGH 
you take away the Arch FG, the two remaining 
arches IF, GH fhall be equal to each other : but 
IF is the meafure of tl 1¢ angle ACD, and GH is 
the meafure of the angle BCE, therefore thefe 
two angles are equal.. In like manner it may be 
demonitrated that the angle ACB, is equal tothe 
angle DCE, 


THEOREM.) 2... Fig. 15. 


Tf aright line fall upon two Parallels, it makes both 
the alternate Avgles equal each to other. 


Thus if the right line FH be drawn crofs. the 
parallels AB, CD, the angles FEB, EGD fhall be 
équal each to other. 

Demonfir. Seeing that by Hypothefis the lines 
AB, CD are parallel to each other, and that ~ 
is a right line crofling AB in E, ‘and CD inG 
there can be-no reafon in Nature why it hhould 
incline more to the one, than it doth tothe other: 
and if it hath not a greater inclination to the 
qne than it hath to the other, ‘then muft the 
alternate Angles FEB, EGD be equal. 
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THEOREM) 3, Fig. “ag. re: 
Ine three ancles of any Plain Triangle, are equal to 
two Right Angles. 


} N Fig. 15. from E let fall the Perpend EI, fo 
A fhall GEI be a right angled ‘Triangle ; then by 
Def. 8. the angle EIGis a right angle, as alfo 
is the angle AEI, and this right angle AEI is by 
the line FH divided into two acute angles AEG, 
GEI, but by Theorem 1. the angle AEG is equal 
tothe. angle EGI, therefore the two acute 
angles EG] & GEI are equal to a right angle, 
and the angle EIG is right, therefore the three 
angles of a right angled Plain Triangle are equal 
to two right. 

Hence it is evident, that if one acute angle in 
a right angled Triangle be given; if you fub- 
tract this acute angle from 90°, the remainet 
will be the other acute angle. 


FIG. 16, 
The three angles ofan Oblique Plain Triangle 


are equal to two right, 
The lines EG, HK are parallel to each other, 


| therefore by Theor, 2. the angle EAB, is equal 
tothe angle ABC: alfo the angle GAC is equal 
) to the angle ACB, but the angle EAB is mea- 


ef I ie 


fured by the Arch DF, the angle GAC is mea- 
fured by the arch IK, and the angle BAC is mea- 
fired by the arch FK, and thefe three archesare 
eqnal to a Semicircle, therefore the three angles 
D 4 of 
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of any oblique Triangle are equal to a Semictr- 
cle or two right angles. 

Hence if inany oblique plain Triangle, there 
be any two of it’s angles given, the fum of thefe 
two given angles fubtracted from a Semicircle 
or 180°, the rémainer is the third angle. 


AXIOM 1. 
In all vight-angled Plain Triangles, axy of the three 


fides may ve made the Radius of a Circle, and 
the other fides will be as Sines, Tangents or Se- 


cants, And what proportion the fide put as Radius 


hath unto Radius, the fame proportion hath rhe 
other fides to the Sines, Tangents or Secants of the 


oppofite angles by them reprefented. 


7 N Fig.11.the Hypothenufal AC is made Radius, 
| and therefore the Bafe AB fhall be the Sine 
ot the angle at C, and the perpendicular BC the 
fincof theangleat A. Then let us fuppofe the 
fength of the Hypothenufal to be any number of 
Yards, Feet, Inches, @c. and the quantity of the 
angle at A to be known, and let it be required 
to find the length of the Perpend. BC in Yards, 
Feet or Inches, cc. 

In the Solution of Triangles we muft always 
have three parts ‘given to find a fourth, and the 
parts given muft either be two fides and one an- 
gle; or the three angles and one fide: 6relfe 
the three fides. 

1. If we have given in aright angl’d Triangle 
the Hypothenufal AC; and the Angle at A to 
find the Perpendicular BC, and that the Hypo- 
thenufal 
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thenufal be made Radius: here before we can 
rightly underftand how to frame a Canon or pro-. 
portion between thefe three given terms, and 
the fourth required, we muft confider the nature 
of thefe three given parts, as, whether they 
be angles or fides; but we find in this cafe, that 
the Hypothenufal is a double term, for it repre- 
fentsafide , as being a line confilting of fome 
number of known parts, as Miles, Yards, Feet, 
Inches, ec. and it alfo reprefents an angle, as 
being the Radius of a Circle, and fubtending 
_ the right angle at B, and fo muft contain fome 
number of known parts, confifting of 1 and 
Cyphers, and the third term isan angle. Seeing 
then we have two terms of one kind, viz. both 
angular, we muft begin with that angular term 
which relates to the fide given, and then the 
Proportion will be as Radius AC isto the Hypo- 
thenufal AC. So is BCthe fine ofthe angle at 
A, to the Perpendicular BC, 

Again, fuppofe the fame parts to be given 
and required as afore, and that the Bafe AB in 
Fig. 12, be made the Radius of a Circle, then 
from Def, 1. it is evident that BC is the Tan- 
gent of the angle at A, and AC the Secant of 
the fame angle: therefore the angle at Ais a 
double term, having relation both to the fide gi- 
ven AC, and to the fide required BC, and muft 
thus be ufed, viz. As Secant of the angle A, az. 
AC, is to Hypothenufal AC, fo is. Tangent of 
the angle A, viz. BC to the Perpendicular 
B ; 


@ 
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Laftly, \f the fame parts be given and requi- 
red, Conly inftead of the angle at A, you ufeits 
Complement toa Quadrant, viz. the angle Cc.) 
then CA will be the Secant of the angle at C,and 
CB the Radius ofa Circle, therefore the propor- 
tion will be, as CA the Secant of the angle at C, 
is in proportion to CA the Hypothenufal, fo is 
CB the Radius of the Circle to CB the Perpendi- 
cular required. 

And by reducing your terms into this order, 
fo that the firft and third may be of one kind, 
you may eafily difcover thé true Canon for re- 
folving any right-angled plain Triangle, as fhall 
more largely appear in the following Cafes, And 
from this Ground may be drawn 24 feveral vari- 
eties or proportions, by making each fide of the 
right-angled Triangle the Radius of a Circle. 


ANNOTATION. 


1. If the Perpendicular be made Radius, and 
there be given the Bafe and Hypothenufal to find 
the angle ‘at C, we have only two parts given, 
from whence no Canon can be drawn, becaufe, as 
hs noted before, three parts muft always. be 
given. 

2. The famething will happen if the Perpend, 
and Hypothenufal be given-to find the angle at A, 
when the Bafe is made the Radius of a Circle. 

3. The fame is to be underftood when we 
have the Bafe and Perpendicular given to find the 
angle at A or C, making the Hypothennfal 
Radius. 


All 
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All right-angled plain Triangles are ufually 
ranged under feven. Cafes : whereof thofe 
tn which a fide is required, viz. three, may be 
found by a Triple Proportion, according as each 
ide is made the Radius of a Circle : and thofe in 
which anangleis required) may be found by a 
Double Proportion. 


AXIOM 2. Fig. 17. 


in all Plain Triangles the fides are proportional to the 
Ssaes of their oppofite Angles. 


Demonft. Bout the Triangle ABC defcribe a 
A Cifcle,as BDAFCH from the Cen- 
ter O, then draw the prickt lines AO, BO, €0O: 
it is evident from Def. 4. that the fide AB js the 
Chord of the arch BDA:. AC is the Chord of 
the arch AFC, and BC is the Chord of the arch 
CHB. From 20. 3. Eve. it.is evident that the an. 
gle BOC is double to the angle BAC, then if you 
kifect the arch BHC, by the line OH, this line 
fhall bifect BC in I, and the arch BH hall be e- 
qual to the angle BAC, but BI by Def. s. is the 
Sine of the arch BH, and confequently the Sine 
of the angle BAC, therefore the Sine of the an. 
gle at A, is equal to 1 the fubtending fide BC. 

In like manner it may be demonftrated, that + 
the fide AB is equal to the Sine of the angle-at C 
and that 2 the fide AC is equal to the Sine of the 
angle at B: henceit follows,that what proportion 
the 4of any magnitude bears to that whole mac- 
nitude, the fame proportion doth the x Of any 
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other magnitude bear to that whole magnitude. 
Therefore 

As the fine of the angle at A ( which is ! the 
fide BC) is in proportion to the fide BC: 

So is the fine of the angle at B ( which is the 
fide AC ) to the fubtending fide AC. 


AXIOM .3. Fig. 18. 


In all plain Triangles, asthe Sum of the two fides con- 
taining the Angle given, is in proportion to their 
difference: Sots the Tangent of the } Sum of the 
two unknown Angles, to the Tangent of 3 their 


difference. 


Ontinue AB to’ D, and. make BD equal to 
BG, and BF etal to AB, then draw BE, FG 

each ,parallel to AC, fo fhall the angle DBE be 
équal tothe angle BAC, and the angle EBC fhall 
be equal to the angle ACB, becaufe of the parallels 
BE, AC: and thus the angle DBC, is equal to the 
Sum of the two unknown angles ABC, ACB. But 
the Triangle D2Cis Hofceles : if therefore from 
B you draw Bl:perpendicular to DC, it will bi- 
fei not only the angle DBC, but the fide DC 
in 1: theerefore the angle DBI, or IBC fhall be 
equal to half the Sum of the two unknown an- 
gles, viz. BAC, ACB, end becanfe EBC is equal 
ro ACB, therefore the angle EBlifhall be equal 
to half the difference. of the two unknown an- 
sles: then becaufe the Triangles DAC, DFG 
ate Jike by reafon of the parallels AC, FG, there- 
fore bys 4. 6. Ewe. their fides fhall be proportio- 
nal, . But AD is equakto the fum of the two fides 
AB 


3 
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AB, and BC, and DF is the diff. of thefe two 
fides, therefore, as the fum of the two fides DA. 
is to their difference DF. 

So is the line DC, to the line DG, but if you 
make BI Radius, and IH equal to IE, then DC 
is the Tangent of the two unknown angles, and 
DG the Tangent of their difference equal to 
HE. 

Again, if youdraw FM parallel to IA, the 
Triangles DFM, DAI fhall be like, and by 4. 6. 
Enc. their fides fhall be proportional. Then it 
is evident that DI (being * of DC) is the Tan- 
gent of 3 the Sum of the two unknown an- 
sles, and: DM is equal to HI the Tangent of 
: their difference, therefore, as DA isto DF, 
fo is DI to DM, ‘that is, 

As the fum of the two given fides, viz. DA. 

Is in proportion to their difference DF. 

So is the Tangent of the 2 Sum of the two un- 
known angles, viz. DI. 

To the Tangent of half their difference DM, 
equal to HI, or IE. Then if you add the Tan- 
gent IE to ‘the Tangent DJ, it makes DE the 
Tangent of the angle DBE, "equal to the angle 
BAC, and if you fubtract the Tangent IEfrom 
the Tangent IC, it leaves EC the Tangent of 
the angle EBC, equal to the angle ACB. 
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AXIOM sa. 


1, Fig. 19. 

In ah Plain Triangles where there are given al the 
three Angles to find the three fides. As the true 
Bafe of the given Trtangle is to the Sum of the 
other two fides. Sots the difference of thele two 
fides, to the alternate Bafe. 


ET. DBC bea Triangle given, whofe three 

fides are fuppofed to be known, and let 
PB the fhorteft fide be the Radius of a Circle, 
whofe Circumference fhall cut the line DC inF: 
continue the line CB to the circumference at A, 
and draw the lines AFand DH, and the perpend. 
BG, then fhall AC be.the Sum of the two fides 
BC, and BD, and CH fhall be the difference 
of thefe two fides; Laftly, CF thall be the al- 
ternate Bafe. I fay, | 

The Triangles CHD, CFA. are equiangled, 
becaufe of the angle C, which is common to both 
the Triangles ; and’ therefore the fides of thefe 
two Triangles fhall be proportional ; therefore it 
follows, by Cor. 2, 36. 3. Encl. thatithe Reéd- 
angle of CA, CH fhall be equal tothe Rectangle 
of CD, CF. But equal ReGangles have their 
fides proportional by 16. 6. Therefore as the 
true Bafe CD. 

Is to CA the fm of the other two fides AR, 
BC. Sois the difference of thefe two fides CH, 
to the alternate Pafe CF. Subtract CF from 
CD, the remainer is DF; from B let fall the 
Perpend. BG, which fhall bifet DFin G, fo have 
you 
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you refolved the oblique Triangle FCD into two 
right-angled Triangles BDG, BGG, in either of 
which we have the Hypothennfals and Bafes given 
to find the angles. 

1 might have demonftrated thefe Axioms aC= 
cording to the methods ufed by the late Reve- 
rend Dr. Oughtred, and Dr. Ward, the latter of 
which has comprized them in a very few words: 
but becaufe I have calculated this piece accor- 
ding to the Capacity of our Ordinary Seamen, 
who are not generally qualif?'d to receive {pecu- 
lations fo nice, I chofe this prefent method of 
Expreffion to render the fundamentals of Trigo- 
nometry more perfpicuous and intelligible. 


CASE 1 Fig, 45. 


a 


The bafe and angle atthe bafe given to find 
the Perpendicular, 

Inthe right-angled plain Triangle ABC, let 
the bafe AB be 94 parts, and the angle at A 


5 
38°. 00’ J demand the Perpendicular Bc. 


GEOMETRICALLY. 


Draw the line AB, upon which fet the bafe o4 
( taken from the line of equal parts ) from A to 
B, and upon B ereé& the Perpend. BC. 

From A with the Chord of 600. oo! {trike the 
arch DE, and {et the angle given, 
from DtoE, dr 


Viz. 38°. o0' 
aw the line AE, which continue 


to cut the Perpend. BC inC, fo fhall BC be the 
lide required, which meafured upon the {ame 
line of equal Parts, gives 74 parts 


LOG je 
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LOGARITMICALLY. 
Making AC Radius, then by Axiom1. fay. 
As fine of the angle at C 52% 00’. —— 989653 
Is to the bafe AB 94 parts ——__ ————197312 
So isfine of the angle at A 38°, oo’. 9738934. 
1176246 
To the fide BC 74 parts 186593 


Bane 


Making AB Radius. 


As the Radius fine of 90°. 00’ - ~— 1000000 
Isto the bafe AB 94 patts - —— 197312 
So is tangent of the angle A 38°. oo— 989280 


een 0 ee 


To the Perpendic. or fide BC 74.—- —186593 


SSS goes ow 


Maxing BC Radius. 


As thetangent of the angle C 52°. 00'—1010719 


{s to the bafe AB 94 parts ——- ——— _ 197342 
SO is Radius fine of 90°. oo'- —— 1000000 


To the Perpendic. BC 74 parts ———- 1¢6593 
CASE 2. Fig. 20. 


The bafe andangles given to find the Hypo- 
 thenufal. . in 
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In the right-angled plain Triangles ABC, let 
the Bafe AB be 94 parts, and the angle at A 38° 
00'. I demand the Hypothenufal AC. 

The Geometrical Protraction of this T riangle 
is the fame, as in Cafe 1. 


LOGARITHMICALLY. 


| Making AC Radius. 
As Sine of the angle C 52°. 00’. —-——. 989653 
Is to the Bafe AB 94 parts Ant. LOTeRS 
So is Radius Sine of go®. 00’ ———— —10QQ000 
To the Hypothenufal AC 119. 3 parts 2076§9 


eae 


ing AB Radius. 
As the Radin: sone Of 90°: oo, —+ 1002000 
Is to the Bafe AB 94, parts———— erchcnee tbe t 
So is the Secant of the angle A 38°. 00’, 1010346 
Yo the Hypothenufal AC 119. 3 ——— 207658 


OE ee 


Making BC Radius. 
As the Tangent of the angle @ 52. 00. roro7ig 
Is to the Bafe AB 94. parts —~. 19731 2 
So is the Secant of the angle C 52. o0.- “1021065 


1218377 


To the Hypothenufal AC 119; 3° -——.— 207658 


een 
. 


E Cafe 
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CIOs 4, 6 Ree oe 
The angles and Hypothenufal given to find the Bafe. 


Inthe Triangle ABC let the angle at A be 38°. 
co’ and the Hypothenufal AC 119. 3 parts. J de- 
mand the Bafe AB, 


GEOMETRICATL Y. 


Draw the line AB, and from A with the Chord 
Of 60°. Go’. ftrike the arch DE, from the fame 
line of Chords, take the angle at A 38°..00. 
wiich fet from D to E, and draw the AE at 
length: alfo from the line of equal parts take 
119. 3 parts, which apply from A to C, bifec& 
AC inF: from F with the diftance FA crofs the 
infinite line ABin B. Laftly draw BC, fo fhall 
AB be the Bafe required, which meafured upon 
the fame line of equal parts will be 94 for the 
length thereof required. 


LOGARITHMICALLY. 
Making AC Radius. 


As the Radius AC, Sine 90°. 00’. 1000006 
Isto the Hypothenufal AC 119. 3——— _ 207658 
So is the Sine of the angle C 52. 00.— 989653 


—_— s 


To the Bafe AB 94 parts ————-—__—__ — 197311 


areas comer hy 


Ma k = 
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Making AB Radius. 


As Secant angle A 38°. 00. ——-- —1010346 
Is to the Hypothenufal AC itrg. 3 parts 2-7658 
So is Radius AB, Sine 90°. 00’, eo» 1000000 


> ee ay 


To the Bafe AB 94 parts 


197312 


ee ed 


Making BC Radius. 
As Secanit of the angle C 52°. 00’ — 1021065 
Is to the Hypothenufal AC 119. 3 parts 207658 
So is the Tangent of the angle C 32°. 00’.1010419 


Fo-the Bafe AB 94 parts.—————_-» ———— 197312 


Oe ee 


GAS E 4. Big.’ is 
The Bafe and Perpendicular given to find an Angle, 


In the Triangle ABC, let the Bafe AB be 94. 
parts, the Perpendicular BC 74 parts. J demand the 
acute Angles A and C. 


GEOMETRICALLY. 


Draw the line AB, and fromthe line of equal 
||) parts take 94, which fet from AtoB: upon B 
«} erect the Perpendicular BC, and from the fame 
| line take 74, which apply from B toC, draw 

EB’ 2 AG 
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AC, and from A with the Chord of 63°. co’ {trike 
the Arch DE,which being applyed to the fame line 
of Chords, will give 3%°. oo’. for the meafure 
of the angle at A. Laftly, from € with the 
Chord of 60°. {trike the Arch FG, whichapplied 
to the fame line will give 52° 00’. for the mea- 
fure of the angle C. 

In the 3 Annotation of Axiom 1. it is evident 
that the Hypothennufal cannot be made Radius. 


Making the Bafe Radius. 


As the Bafe AB 94 parts ————- ——-197312 | 
Is to Radius AB Sine of 90%. o.! 1000: 02) 
So is the Perpendicular BC 74 parts -— 1865093 


a= 


To Tangent of theangle at A 38°. 00’ 980281 


scmemer endemcsm > 5% 


‘Making the Perpendicular Radius. 


As the Perpendicular BC 74. parts —. 186593; 
Is to Radius BC Sine of 90°. ov’. —- 1000000: 
So 1s the Bafe AB 94 parts —~ 197312) 


tees 


— 


To Tangent of the angleat C 52°. co.— 10107199 


C AS‘E) 4.° Big. Ga 


The Bafe and Hypothenufal given to find the Angles. 
In the Triangle ABC, let the Bafe AB be oy) 
parts, the Hypothenufal AC irg. .,2 parts. 
demand the Angles A and C. 


-_ 


‘ 


GEO) 
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PoUMETRICALL ¥. 


Draw AB, and from the line of equal parts 
take 94, which fet from A to B, upon B erect the 
Perpend. BC, and from the fame equal parts take 
19. 3. with which fet one foot in A and with 
tlie other crofs tae Perpendicular BC in C. Laftly, 
draw the line AC, and from A and C defcribe the 
Chord of 602. o<'. which fhall give the meafure 
of the quantity of the angles A and C,as in Cafe. 4, 


LOGARITHMICALLY. 
Making A C Radius. 

As the Hypothennfal AC rro. 3 parts 297668 

Is to Radius AC Sine of 95°, 00’, tc 


50 is the Bafe AB 94 parts-——-—___ 


To the Sine of the angle at € 52°, oo. 989654 


Making A B Radius, 
| As the Bafe AB 94. parts-———. 197312 4 
| Isto Radius AB Sine of 90,00’, I9000*%0 HT 
|, So is the Hypothenufal AC 119. 3 207658 H 
To Secant of the angle at A 38°. 00’. rorc 34.6 


By Annotat. 1. Axiom. 1. the Perpendicular (| 
| Caanot be made Radius, if the angle at C be im- 2 
“| mediately required. 


E 3 CASE a.’ 
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CASE. 6.. hit. 20. 


The Bafe and Perpendicular given to find the &fy- 
—— potheanfal. 7 


In the Triangle ABC, let the Bafe AB be 94, 
the Perpendicular AB 74. I demand the Eypothe- 
nufal AC. 


GEOMETRICALLY, 


Draw AB and BC at right-angles to each other, 
and from the line of equal parts take the Bafe 
94, which fet from B to A, and the Perpendicular. 
74, from B to C, draw the line AC, which 
meafured upon the fame line of equal parts will 
give1i9. 3 forthe length of the Hypothenufal 
required. 


LOGARITHMICALLY. 


By Cafe 4, find either of the acute angles, as 
a oe é 


Making the bafe Radius. 


qJ ' 


Asthe bafe AB 94 parts —— __— ——T7 LOG2) Toe 
is'to Radius AB Sine of 90°. o0'.-———103coco «ff 


Sots the Perpend. BC 74 parts ———-186s037 |i 
To Tangent of the angle A 38°. oc. =——989281 


—_— ++ 


Making 
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Making the Hypoth. Radius. 


As Sine of the angle A 38°. 001. ——~978034 
Is to the Perpend. BC 74. parts — 186593 
So is Radius AC Sine 902. oo!. 1000309 
To the Hypothenufal AC 119. 3 parts 207659 


Cee eee eee gee 


C AS Es 9. Fg. 20. 


The Bafe and Hypothenufal given to find the 
Perpendicular. 


In the Right angled Plain Triangle ABC let 
the bafe AB be 94 parts, and the Hypothenufal 
AC 119. 3 parts. I demand the perpend. BC. 


GEOMETRICALLY. 


This Triangle is to be laid down or protraét- 
ed as in Cafe 5. 


LOGARITHMICALLY. 


To refolve this Triangle by the Canon, there is 
required a double proportion, for firft, by Cafe a; 
5. you muft find one of the acute angles, and al 
then by Cafe 1/f. the Perpendicular: but the | 
fame may more readily be thus effected. 

Add the Bafe and Hypothenufal together, and 
find the Logarithme of their Sum ; alfo Subtract 
the Bafe from the Hypothenvfaland ‘find the Lo- 

E 4 earithim 
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garithm of their difference or remainer,add thefe 
two Logarithms together, + the Sum thereof 
fhall be the Logarithm of the Perpendic. 
AC 119. 3 Logarith. 213.3. — 2328787 
AB 94.0. Logarith. — 25.3. ~- 1403121 


Sum, 213. 3 Sum of the Logarith. 3731908 


ae ~~ eet 


Differ. 25. 3 t Sum 74. Perp.— — 1865954 


er Racer ne tee, 


Or in natural numbers by 47. 1. Excl. 
From the Square of the Hypoth. —14232. ao. 
Subtract the Square of the Bafe —-—. 8836. 

Then out of theremainer.-—- 5306.49 | ik 
extract the fquare root, which is 74 almoft for | yut 
the length of the: Perpendicular. 

If the Bafe and Perpendicular be given to find 
the Hypothenufal, then by 47. 1.Tothe fquare of 06 
the Bafe, add the fquare of the Perpendicular, 
and the {quare root of that Sum fhall be the length 
of the Hypothennfal. : ; 


ee en ae PP mre ys ce An J Paes ee tee ee See x 
YM S1H/¢ if J Lai f D 2 ) } “i ' 
Iv A) Side. Wit Aid “INE OC Oppoysre FO OHE ay FHC. £6 


bd dan. nib. bad t she third Side 
PRA EIC. OLE! 42118 eS daa tye tiird o1de. 
} < 


In the Oblique-angled Plain Triangle ABC let 
the Angle at A’be 34°. co', the Side AB 76. and 
the SideBC 89. . I demand the angles at Band C. 
ind the Side AC. 


GEQ- 
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GEOMETRICALLY. 


Draw the line AC. from A with the Chord of 


60>, 00. {trike the arch DE. and from the fame 
Chords take the angle at A. which apply from D 
to E. draw the line AE. then from the Equal 
parts take 76 which apply from AtoB. alfo 
from the fame line take 89. with which diftance 
fet one foot in B. and crofs the line AC inc. 
laftly draw the line BC. and upon the angular 
points B and C defcribe two arches taking their 
Radi from the Chord of 60°. fo fhall FG 280, 31! 
be the meafure of the angle C. and HI 1179, 29’ 
the meafure of the angle B. and ASC meafured 
upon the line of Equal parts willbe 141. for the 
length thereof, 


LOGARITHMICALL Y, by Axiom 2, 


me the Side BC So parts—ae- ode 
9 


: = 194939 
Isto the Sine of the angle A 34°, 009 —— 974750 
So 1s the Side AB 76 parts ———-- —~+- 18808 

1162831 


rere A 


Then by Theor. 3. .addthe angles A and C 
together, their Sum will be 62°. 31’ which Sum 
fubtracted from 189°. the remainer 117°: 29 
is the angle at B. 
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To findthe Side AC. 


As Sine of the angle at A 34°. Cco'~——g74750 
Is to the oppofite Side BC 8g parts 194939 
Sois Sineangle B 117°, 29', or 62°. 31' 994799 


ee yee 


1189738 


Sr ea 


totheSide AC 141 parts —- ————214988 


aoe 


———@ 


CAS E22. Rgy~ 22. 


Two Sides with their contained Angle given to find the 
other Angles and third Side. 


In the Oblique Triangle ABC let the Side AG 
be 141 parts, and the Angle A 34°. oo’. and 
the ‘Side AB 76 parts. I demand the Angles 
B.C. andthe Side BC. 


GEOMETRICALLY. 


Drawthe line AC from A withthe Chord of 
60°. oo! ftrike the Arch HI, upon which fet 
34° oy from Htol: draw the line AIB: and 
from the line of equal parts take 76 which fet 
from A to Band 141 of the fame, from A to C. 
then draw BC. and with the Chord of 60°. from 
B and C ftrike the Arches KL. MN. which he- 
ing meafured upon the fame line of Chords will 
give the Quantity of the two required Angles. 
via. C, 289° 35’, and B117°.25'. alfo BC apply- 

ed 


unt 
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}edto the line of Equal parts will give 89 for the 
| length thereof. 


LOGARITHMICALL Y by Axiom 3. 


Add the two Sides AC 141. and AB 76 to- 
gether, theirSumis 217: alfo fubtrad AB 76, 
from AC 141. the difference or remainer is 65. 


| then Subtract the given Angle A 34°, from 180°. 


‘| Oo’ by Theor. 3. the reMainer is 146°. o0 
“| which is called the Sum of the two unknown 


Angles: and 73°. oo! is the *Sum thereof; Then 
fay, 

As the Sum of the two Sides AB.AC.217.233645 
Is to their difference 65 Lit ets Feet 3 — 18; 291 
$o is the tang. Sum of the unkno.ang. 73.105 1466 


1232757 


eer * 


totang.= the diff. of the unkno.Ang.44° 25’-99911 2 
which: difference added to the : Sum of. the 
twounknown Angles 73°. oo. makes 117°, 2¢7 
for the Angleat B.and Subtracted from this 3 Sum, 
the remainer isthe lefler Angle, or Angleat C, 
28°. 35'. then to find the Side BG, fay, 

As the Sine of the Angle at C 28°. 35' 967982 
Isto the oppofite Side AB 76 parts 188081 
So is the Sine.of the Angle at A 34.00 —974750 


ea 


116283% 


to the Side oppofite BC 89— parts —- 1948.40 
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GAS Esl Pier ae 


The three Sides given to find the three Aagles. 


In the Oblique-angled Plain Triangle ABC, let 
the Bafe AC be 141. the Side AB 46. and the 
Side BC 89. I demand the angles A. B.C, 


GEOMETRICALLY. 

Draw the line AC. and from the. line of equal 
parts take 141 which fet from Ato C: alfo from 
the fame line take 76, with which fetting one 
foot im A. ftrike the archB.-and with 89 (taken 
from ‘the fame line of equal parts) fet one foot 
in C, and crofs the archB in B. then draw the 
lines AB. BC. and upon each angular point ftrike 
the Arches Hi. KL. MN. as in the Figure. 

That done continue the Side BC to D. and 
from B. ( with the diftance BA ) ftrike the arch 
DAE, to cut AC in F..andDCin E: fo hall 
CD be equal to the Sum of thetwo given Sides 
AB. BC. and CE. fhall be their difference ; alfo 
CF fhall be the Alternate Bafe: Laftly from B 
let fall the Perpend. BG, which hall always fall 
in the middle of AF. then to find the alternate 
Bafe CF, fay by Ax. 4. 

Asthe true Bafe AC 141 — +/214021 
Is to Sum of the 2 fides AB.BC.viz.CD.16 5.221748 
So is the diff. of thefe two Sides CE 13 111394 


333142 


oe 


tothe alternate Bafe CF 15.20 e— 118221 


Sub- 


’ 


5 
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Subtract CF 15. 2 from AC rar. the remaines 
will be AF 125. 8. but AG is the half of AF o; 
62. 9. therefore if to GF ( equal to AF ) 62, 9, 
You add CF 15,2. the Sum will be 78. 1 equal 


|to GC. And thus the Oblique Triangle ABC is 


reduced into two right-angled Triangles, viz. 
AGB. CGB. in. either of which we have the 


| Bafe and Hypothenvfal given, to find the angles, 


; 


which may be done by Cafe g. making AC Ra- 
dius 
As the Hypoth. AB 76 -. 


————1 88281 


Is to. Radius AB. Sine of 90-00 — —— 1090900 
So is the Bafe AB 62-9 parts ——~ —-~—17986¢ 
to Sine of the angle ABG 55°. 51',——991 784 


Re ee 


which fubtracted from 97°.00’. by Theor. 3.leaves 
34°. Oo’ for the angle at A. Again 

As the Hypothenufal CB 89 - ———— 1948.49 
fs to Radius Sine of 93°, oo’ —~ 


1000020 
$9 1s the Bafe CG 78. 1 ——— ———— 18 9265 
to Sine of the angle CBG 61°, 34' —— 994416 


which fubtraéted from go>. leaves the angle 
BCG 28°, 26’. wares . 

And for the clearer underftanding of thefe 
feveral Proportions, grounded upon the preced- 
ing Axioms , I have here added a Synoplis of all 
the common Proportions both for right angled 
and oblique-angled Triangles. 

Where note, that S. fignifies Sine of any an- 
gle, t. the Tangent of any angle, Sec. the Secant 
of any angle. R. Radius. 


: : propor- 


kis 
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:: proportional, -+- more;or to be added. 
A. the angle A. — lefs, orto be fubtracted. 
B. the angle B, : 

A.C. the angles A and C. ce. 

AB. AC. -BC..or any two letters not having a 
point between them, fignifies the Side AB: the 
Side Acc. Z the Sum, X the difference. 


Plain Trigonometry. 62 
>) € 


The Proportions for all Right-angled Plain Triangles. 


~ Given | Requ.| Pea ane yaad 
»)At at. AG. is,& AE R. AC, 
Wagan) ac S.C. ABS. AC BG 


lAbe . | mae iR AB: sec A. AU, 
*\A. AB, | c. |e. ABi:t, A. BC. 
eee “ie ae ad ae ak Gee 

ae a wes AB:: B. BC 


TAG R Aus: 5S). AB. 
4A CAC. ie: IR AC:: 8, A. BC. 
jAB.R. | AB [Sec, A, A C: hag-dy | 
5| A. AC. Sec, A. AC: Ay BG | 
IBC. R. | AB {Sec,C. A C:: t, C. @ Dijon Se 
CAL. | GBS Mey Co AEs CREE 
ee ae ee ee en ee 
al AC R. | AC \s, BC::-K. A 
\A.C. BC. wa Ske BE SAS 
(ABR. | AG it, A. BO:: See A. AG. i 
81a BC. —| AB 6 a2cFrc AB. | 
| Be. R. | AC (Ri BG:: Sece C. AC. 
#e-ec; | AB IR. BC::-t, -G. AB. 
ellen esti sess eras SESE | 
2S PS ; | 
SRR 
ABR. 
pe | AIA B. R:: AC Sec A. 
a ec eae TE COPE 
|AC.R. | | 
b2)5¢ —| A cae Se ee he, asa 
Sr I I I SO EO OR I SS EEE 
co aellg EY tes C. Sec, C | 
‘are ve bi cmt AG ec, ” f i 
AB. &. 
14 AB. BC. Sac | A lA B. Rs BC. t, A. ; 
, IBC. R pe Tse 
| eR | CiCB. R:: AB..¢, C. 


ne 
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The Proportions for all oblique Plain Triangles, area 
thefe following. Fig. 23. 


fF Gi¥en iReay Proportions... Axiom 2. 
Ab. bU.bUS,;Ai. AB. O,C.> the Z, A. C. 
1/A. | Subtratted from 180°, eich 
| BC. AG. S20. BES: $B AS 
. AB AHA Bos, Go BC S,-A.-the-Z, AC 
2. C. Subtracted from 182°. X is B. 
} BC. ACIS, @ ABs S.B AG 
AC. As@ 1A G. , Bid Bax, Al Abe ‘2, - 33, Al 
[5 Subtracted - m1 186° X is C, 
Bs: af Be Se ek Ge SOG AB 
Ae Bets ie Csr I ScCA, i 2 3, ASB es 
AB. ‘AC. {S, C. A Bs:-~S, By Ay 
A, BG AB. [5 A BC: 5,C AB 
BC. AC. | ‘ Le SY ee 
mam B.C: be: ae ak ete Sens se 
ac |A B. |S,B. AC: : SG. AB. 
~ Axiom 3. go) Fig. £3. | 
ABs cB. (AB--A C.AC —AB :: t,B-}-Gr,B—C| 
f Nee pc. 18,C. AB::S, ABC. 
iC B. A. B JCA-+-CB. CA - CB: :1,b-+-A-t,b—A 
Pale al IAB, ISCAS BOL? S”COAB, 
| \ B. A A.C. Kain i bA :: ,A-+-C.t,A —C | 
BC. Sy A BAe ss Date My hs 


SR 


Axiom 4 Fig. 
AL. BC4-AB;:: BU-AbB UG—ui 
* that 1s 

AC.CD :: CE.CF.thus CF being found 
JAC— FC==2° AG. & AG-+FC==CG & 


‘AG AB. BG.| A. ABR :: AG. 5S, ABG. Compt. SAGE fh 
B. BC. R &:-GC. 5, CBS. Ccmpt. BCG.F | 
C 


| Preparation. 


I have 
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Ihave now paffed ovet the Geometrical and 

Logarithmical Solution of all Plain Triangles, in 

4| the feveral Cafes. I fhall here givetwo or three 

| Trigonometrical Problems, with application of 

| fome Cafes of Trigonometry to the bufinef§ of 
‘| Navigation 


PR OB. 1, Fig, 24. 

Having one Side of aright-angled Plain, Tri- 
“| angle, and the Sum of the other two fides given, 

| to find the angles and the other two fides. 
In the right-angled Plain Triangle ABC. let there 
| be given AB 84 parts, and the fumof AD. and 
'| BD 178 parts, I demand them feverally, and the 

‘| anglesat A and D. 


GEOMETRICALLY. 


Draw AB. fet 84 equal parts from A to B: 
-||draw BC perpénd.to AB. and fet 178 equal 
{parts from BtoC. then draw. AC. From A 
“|| with any diftance greater than 2 AC. ftrike the 
_|tarch EF, and from C withthe fame extent crofs 
“|}the arch EF, inE and F. thendrawtheline EF 
7 ¥to cut BC in D. laftly draw the line AD. fo thall 
'LAD be equal to DC. and AD+BD fhall be equal 
~\Jto BC, 


LOGARITHMICALLY. 


As AB——~ — ——84. pts. —192428 
if ils to Radius —.—— 909, 00! —— sms 1009000 
“Bois BC— ~wh 178 pts— —225042 


F | to’ 


bls 
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to Tangent angle BAC 64. 44 — --— 1032614. 
which by Theorem 3. fubtraéted from 93°. co’'| 
the remainder will be BCA 25°. 16’. But in 
the Triarigle AD.C, the Sides AD. DCare e--| 
qual, therefore the angles DAC, DCA are equal. | 
Subtraé&t DAC from B AC ,the remainer will be: 
BAD 29°. 28’. which fubtracted from 90°. the:| 
remainer will be 50°. 32' from the angle ADB..! 

As Sine of the angle ADB 50°. 32’—-988961 
Is to the Side AB 84 parts—~ —-+———192428 
So is the Radius 90°. 00’ LOQ0000) 
to the Side AD 108. 8 parts ——- —— —-203667) 
which fubtratted from 178 leaves 69.2 parts 
for the Side BD required — 

The application whereof may be this, fuppofe:} it) 
AB to being a broad Ditch,or River, 84 foot, and| pi: 
that BC being the height of a Tree ftanding upon mit 
the Bankthereof be 178 foot. I demand where: 
this Tree muft be cut, fo that the part cut off may’ 
reach from the top of the ftanding part to the) 
further fide of the River? Anfwer it muft be cut: tix 
at D69. 35 foot fromthe Root. | 


EW Aen oe Uke ae 8 


One Side of an Oblique Triangle, the angle oppofite tor Par 
that Stde,aud the {uz of the other two Sides being gi--\) 
> +: A Ee ) 
oppofite Angles to them. 


FE ¥-the Side AB be 134 parts, andthe an--j) 
§ycgte atC 112°. and the fum of the other iy, 
. CWO), .. 
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\jtwo Sides, AC. ACB 156 parts, I demand them 
iffeverally, andthe angles CAB, CBA. 

Draw the line AD upon which fet 156 equal 
parts from A toD: uponD make an angle e- 
‘niqual to 2 the angle Cviz. to 56°. o0', and draw 
“BD. then with 134 fet one foot A, and with 
ithe other crofs DB in B, laftly draw the angle 
siJGBD equal to the angle CDB. fo fhall AC be one 
uil|PF the Sides, and CB the other Side required. 


LOGARITHMICALLY. 


In the Triangle ADB, we have given AD 
‘/,55. AB 134. and the angle ADB 55°, 0O..'to 
lind the angle ABD. 

*). As the Side AB 34 


aa 2127910 
(js to Sine angle ADB 56 —~ co ——-_._ 991857 
mpo is the Side AD 156 --—— —____ 219312 

I2ZI1169 
> Sine angle ABD. 74°. 49'—— 998459 


om which fubtraét the angle CBD 56. oo’ the 
eMainer is 18°. 49 viz, the angle ABC. | 
| As Sine angle ACB 112°.—-@9'—-—_ 996716 
Ree ene AR is, -—— 212710 
wD is Sine angle ABC 180. AD acs 950858 


——.... 


1163568 
ithe oppofite Side AC. 46.6 ——-—--- 1 669 


 cateeteattn ieee et 


althich fubtraéted from AD. the remainer is CD 
9. 4. equal to CB, 


F 2 PROB. 
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PR OB. 3. Fig. °26. 


To find the Diameter of the vifible Horizon, that 155) 
how far a man can fee, by looking round about, *et- 
ther upon the Surface of the Earth or Sea. 

( 

OR the Solution of this Prob. yon muft:)),, j 
| know that the Diameter of the Earth in En=-)). 
glith feet is 42078016, and confequently the Se--) 
midiameter thereof is 21039008 Englifh feet :: 
chen let the Circle DBEF reprefent the ambit off 
the Terraqueous Globe, fo fhall BF be the Dia~{:.,,; 
meter, and BC er CD the Semidiameter thereof ::),,, 
then fuppofing the Eye of theSpettator, viz. Ai¥...... 
be fix foot above the Plain of the Hcrizon, fool, 
fhall CAbe 21039014 Englifh feet: I fay, iff. 
from A be drawn a line touching the Circumfe--} 
rence of this Circle, as AD, it will limit thee | 
fight ; for nothing can be feen from the point Al 
below the point D. then draw CD. which bye 
18, 3. Exclid, will be perpendicular to AD) 
theretore the Triangle ADC 15 right-angled att 
i). Butinthis Triangle we have given CA thee 
Hypothenufal, and CD the Bafe to find the Per: 
pendicutar DA, which by 47. 1. Ewel may bedi) 
this effected, v7z. 

From the Square of /C, fubtract the S-uareg 
of DC, the Square root extracted out of the res" 
nainér is the length of the Perpendicular, ADE 
“This'AC 2103901 4,multiplyed by it felf, prow”: 
diceth 4426401 100921 96.and DC,21 039008. mull 
tiplyed by it elf *produceth 4.4.263985 7624064) >" 


fabrraé. the leffer of thefe two numbers from 
Sant thal 
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he greater, the. remainder will be 252468132; 
whofe fquare root. 15889 feet, is the length 
of the Perpendicular AD. and fo many feet 
can the Eye fee , when it is elevated 6 foot 
above the Plain of the Horiz: on, or convex .Su- 
perficies of the Earth or Sea, and which reduced 
into miles, make 3 miles 49 feet. 

Another Solution of this Prob. we may de- 
duce from 36. 3 Ewclid, for the Rectangle 


“| made of AF jand AB is equal to the Squirefof AD. 


In Numbers thus, AF 42078022 multiplyed 
by AB6 foot, produceth 252468132 Square feet, 


‘| whofe {quare Toot 153889 gives the number of 


'feetin AD. 


If it be objected that the vifual Ray AD is 


i greater than the arch DB, I anfwer, that {ceing 


| the Hypothenufal AC, and the Bafe CD of this 


|) Triangle differ but fix foot , therefore the Per- 
pp kCular AD and the Arch BD cannot exceed 


= > 


yeach other fix foot, whichis but the 2648 part, 


‘“)and therefore shconhderable. 


PROB. 4. Fig, 27. 


To find how far the Vertex of any Mountain, Steeple 


or Ship's Maft may be feen. 


In the Solution of this Problem, we muft have 


“fhree things given, viz. the heighth of the Eye 
‘Yhbove the Horizon. AB which fuppofe to be 


AU 


lay 


5 foot. Secondly the height of the Mountain, 
“peep le, or Ship’s Maft,DE, which fuppofe to he 80 
Foot. siib cele: he Semidiameter of the EarthG 
Wwhieh, in the foregoing Problem, was 210390 g 
F 3 Englifh 
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Enplifh feet ; then from the Figure it is evident 

that a Right line drawn from Eto A mutft 
touch the Surface of the Earth or Sea in F. and 

if the Eye be placed at A. the point or obje& E 
being in a direét line with the tangent AF may be 

feen ‘from A. then if to the point of Contact F i 
be drawn theline CFit fhall by 18. 3. Exclid be 
Perpendicular to AE; then by this Problem.) ii 
there is requiredthe Quantity of the Arch BFD 3, | pitti 
which at two Operations may be thus found.. |} ii 
To GDthe Diameter of the Earth 42078016 Baws 
add DE 80, the Sumis 42078096, which malti--| 
plyed by DE 80 produceth 3366247680; whofg:| 
Square Root 58019 is the number of Englith feet: Bin :,, 
equal to EF. 

Again to BH=DG 42078016 add BA, 6 foot../},\; 
the fam is 42078022. this multiplyed by BA,,# « 
6 foot, produceth 252468132, whofe fqnare?) ft 
Root 15889 gives the number of Feet in thes/iy 
jine AF. But AF 15889, addedto EF Fe 9 the 
Sum 73908 feet ts the leng th of AE. this dividedi) 
by 52 85 the feet in an Englith mile gives 13. 9965) 
miles from the diftance in which the Obj eé& DE? 
may OF feen. 

And here alfo the difference between the Right 
Hine’ AK and the Arch BFD is inconfiderable. 3 


C © OL CA RY. st. 


: 


ei it is evident that ifthe heighth of a Ship’ssiij, 
Deck from the Surface of the Water, and the 
eighth of a Man’s Eye from the De ck be given. J 
ape “Giftance of any other Ship at Sea, juft begin-j 
ig to appear, may be found 


CO- 


a 


2 4 Py 4 F 
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Alfo if the diftance of the topof any Moun- 


‘| tainand the point of Contact be given, the 


height of that Mountain may be found by 47. 1. 
E; lid. 
Divers other Conclufions of this nature fall 


“)) under this head which I muft omit at this time, 
| left what I defign for a Manual, infenfibly 


grow greater than | intended. 

The explication of the Table of Proportions 
for Plain Triangles. In number 1. Ax- 
ion 1. AC. R. fignifies theSide AC is the Ra- 


| dius of the Circle. AC. AB fignifies the angle 
| at A. angle C. and Side ABare given. 


S, C. AB:: Kk. ACis thus tobe read. As 


i Sine of the angle Cis in proportion to the Side 


AB. Sois the Radius AC tothe Hypothenufal 


" AC. And thus you may underftand how to read 


alt the Proportions in the rf. and 2d, Axioms, 
In AXTO M3. 


_Innumber r. we have giventhe fide AB. the 
ide AC. and the angle A to find the angle 


| Cand B, andthe fide BC. the Propoition is 
| thus expreft. As AB+AC. AC+AB :: tB-+C. 
| t. B—C. that is as AC added to AB. is to AB 
ii) fubtra@ted from AC, (that is the difference be- 
i) tween AB. and AC.) fois the fum of the ans 
i) gles Band C. to the difference of’ the angles B 


and C. the reft need no explaining. 


F 4 The 
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DEMON STRAT ED): 
FROM THE 


mi cuando 
GEOGRAPHY. - 


Cit A P. 7. 
Of the Pofttzon of. Places. 


 Eography is a mixt Mathematical Scie jit 
ence teaching us the true Notion of } *:1 
the Earth in’ relation to its Figure, | ‘| 
Place, Maguituds, and other Pro~ | \\i 


perties. : 
It is divided into two. Parts, viz. univerfal | li, 
poe particular... The Lniverfal, teacheth us to | ill 
ey conlider | baka 
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493 
confider the Earth in general , and to explain all 
the affections. and proprieties thereof, without 
taking notice of particular Countries. The par- 
ticular confidereth the conftitution of all the fe- 
veral Countaies of the Earth. 

This Art or Science of Geography is no new 
thing, nor was it (as Lucius fays of the Roman 
People, ) wnins etatis, the Production of one age, 
but of many; For the antient Geographers were 
continually at work upon the Chorography of 
Kingdoms or Countries, and the Topography of 
particular places. Thus we find the Conquering 
Komans, who when they had fubdued any Pro- 
vince, commanded the Survey thereof to he taken, 
and upon their Triumphs to be expofed to the 
Eyesof the Spectators. And we fee, that War 
which is commonly the rnine of moft other Arts 
and Sciences, has alwayes. continued a Friend to 
Geography ; witnefs Alexanders Afiatick Expedi- 
tion, as Pliny tells us, at which time he took a- 
Jong with him two Surveyers, or Meafurers, D/- 
ogetusand Beto, to whofe performances the Geo- 
graphers in fucceeding Ages, were much indebt- 
ed. Yet notwithftanding all this diligence ufed 
by the Antients, the Maps which they produced 
and left to pofterity were very imperfect and 
falfe; becaufe they were altogether ignorant of 
feveral Parts of the Earth, which in after times 
(upon the difcovery ofthe Magnet ) were found 
out: for it wasimpoffible till that happy difco- 
very was made) to Sail round the Globe.. I mean 
not that they were ignorantof the fecret proper- 
ty of the Magnets attracting of Iron, for this 
they underftood ; but thatit was capable ofa 
peculiar 
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peculiar directions to a Meridional Pofition, was a fecret theyy) 


hever imagined : And even this ufeful Arcanum had remainec 


perhaps for ever undifcovered, if (like the invention of Gun 


ff 


powder) fome particular accident had not lead us to the Con--) 
fideration of it; 4s you may fee more at large in Kereber dev) 


Magnete. 


Nor would this fecret Property of the Stoné have been of uféc, 


further than in private Speculations, if Navigation had bearr’ 


unknown. 


For by this Art, Geography has attained its prefent improve: 
ment ; atid itis not to be doubted but that by che help of Nas 


vigation it will in fucceeding Generations be brought to pert ill 


fection. 


In what Age of the World, Men firft began to think of Trai} |, 


velling by Sea, is fomewhat difficule to determine. We are cer- 


tain that Eurepe was at firft peopled upon all the Sea Coaftés) Wl 


from the Eaft, and therefore Navigation was very Ancient, Ac. 


cordingly Mofes in defcribing the firft Peopling of the World|, 
calls Euorpe by the name of Ifles of the Gentiles, implying thai 
the Jews accounted it‘s feveral Regions acceflible to them onlyy! 


by Water, after the manner of Iflands. The feveral Colomeée 


fent in the firft Ages by the Egyptians Phenicians and. Greeks 
through the Mediterranean are further T eftimonies of this thitigg’ 
jacob in his blefing of Zebulon, mentions Ships upon the Medj-| 
ferranean, as a thing well known in his dayes, The Antienr Phe-'j 


nicias Traded as Merchants, and are celebrated in Scripturf , fori 


it. Ezek. 27. and when Solemon built a Navy upon the Read Seay, 


he ufed Phenician Pilots. 


The Ship Argos built only to Sayl throug, the Euxim Sea too 
Colchos was the firft of Note among the Greeks, and cherefore wags 


by the Antients placed in Heaven among the Conftellations in 


Memory thereof. Minos King of Crete is reputed the firft whho9| 
built. a, Navy of Ships for War,and: Ruled over the Seas. And. ine 
his dayes Dedalus. with his Son fearus were .the firft who ap+{ 
plied’ Mafts and Sayls to Ships.” For till tlien they Sayled onlyys 


by Oars. OtMers invented Rudders; Anchors; the Compafs andi 


orher things, by which Slipping has been gradwdally brought too! 


che perfection im which we-find atat prefents, ! 


Assi 


| 
} 


i" 
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As the Science of Geometry was occahonally 
difcovered by the frequent Inundations of the 
River Nilws : and that of Aftronomy by the Chal- 
dean Shepherds; and as thefe two admired Arts in 
their firft appearance to Manwere rude and. im- 
polifhed.For Geometry was only imployed in find- 
ing out ‘cach man’s Quantum of Ground, when 
the overflowings of ZVile had defaced the ftated 
Land-marks. And Aftronomy was no further 
regarded than in noting thefeveral magnitudes 
of the Stars, and reducing fome few of them 
into Conftellations. So this Art of Sailing (when 
firft it was thonght on ) was as imperfect as ei- 
ther of the other. The firft. Veflels being nor 
much unlike thofe Canoes we find ftill ufed by the 
Indians. But thefe poor open Veflels were af- 
terwards improved, and’in a long traét of time 
attained to the perfeétion which we fee at pre- 
fent. | 

Navigation (upon which the perfection of Geo- 
graphy does depend) is an Art or Science which 
teacheth us'how to direé a Ship through the un- 
tract Ocean, from any one place to any other 
affigned. 

Without the knowledge of the Pofition of 
Places, at is altogether impoflible to underftand 
this Art of Direction. And the Pofition of Places 
cannot be underftood, till it be known what La- 
_titude and Longitude thofe places lie in. 

In the firft Chapter I gave you fome general 
Definitions of thofe two Terms, and here [ fhall 


further explain them. 


1. The 
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1. The Circle of Longitude of any Place up- 
on the Surface of the Terraqueous Globe, is that 
Circle which pafleth through that Place, andalfo 
through both the Poles of the Earth. This Cir- 
cle of Longitude is alfo called the Meridian ; for 
the Meridian of any Place and the Circle of 
Longitude of the Place are one and the fame 
Circle , diftingnifhed only by their ufe. For 
the Meridian refpects the motion ofthe Stars : 
and the Circle of Longitude refpects the Extenfi- 
on of the Earth without any regard to the Cele- 
ftial Motions. Thefe Meridians, or Circles of 
Longitude, upon all Globes are ufnally drawn 
through every 1orh,or 15th degree of the Equator, 
and upon Maps, they ufually pafs, through every 
Degree of the fame. 

2, The Longitude of any Place is the diftance 
of the Meridian of that Place from fome 
other particular Meridian. It is alfo fome- 
times called an arch of the Equator or Parallel 
intercepted between the Meridian of any one 
Place, and any other cerrain Meridian. And this 
Meridian from which the Meridians of all other 
Places are numbered, viz. from Weft to Eaft is 
called the firft Meridian, and the Longitude of 
the whole Earth is called its extenfion from Welt 
to Eaft, meafured in the Equator. Thus then, 
the firft Meridian ( being the Tersunus a quo, or 
beginning of Longitude ) is faid to lye in no 
Longitude; if any place therefore lye 1, 2,3, OF 
30,70, 140, 320. Gc. degrees diftant from the 
firft Meridian, viz. counting from Welt to Eaft 
in the Equator, the number of degrees in we 
thas 


(i 
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this fecond place lyeth, is called the Longitude 
thereof. 

3. The diftance of any one place from ano- 
ther is the fhorteft line intercepted between 
thefe two places, upon the furface of the Earth. 
Hence then as the Terraqueous Globe is Spheri- 
cal, all lines drawn upon the Surface thereof 
muft be Spherical, and therefore the diftance 
between any two places muft always be anarch of 
a Circle. 

That the true Idea or Notion of Longi- 
tude may be more exaétly apprehended by one 
ordinary Seaman, (for whofeufe alone I under- 
took the Compofure of this piece) I fhall caft 
my thoughts into thefe following Propofitions. 


PR «PY x. 


Nature her felfhas placed no particular be- 
ginning or term of the Earth’s extenfion from 
Weft to Eaft, (or according to the Equator, ) 
hence any of the Meridians may be taken for the 
firft Meridian, or beginning of Longitude. 

Every Superficies whether Plain or Curved, is 
determined and meafured by twe divifions, or ex- 
tenfions ; of which extenfions, the one is called 
the length or Longitude of that Figure or Super- 
ficies, and the other the breadth or Latitude 
thereof, and the length and breadth of any Sn-' 
perficies is always conceived to be perpendicular 
to each other : Nor do thefe two extentions dif- 
fer from each other in nature, for that which we’ 
aflume for the Longitude, may likewife be: af- 
fumed for the Latitude, and the contrary: but 


ufiially 
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ufually when thefe two extenfions are unequal, we 
aflume the longeft for the Longitude, and the 
fhorteft for the Latitude. 

Thus in ordinate Figures, as in the equilateral 
Triangle, the Square, ec. thefe two extenfions 
being equal, there is no difference between the 
Longitude and Latitude of them... In like man- 
ner the Figure of the Earth being Spherical, the 
Dimenfions thereof are equal, and fothe iength 
and breadth, or Latitude and Longitude thereof 
muft not differ, but onely according to our Con- 
ceptions, that thefe two terms may be more ob- 
vious to us. But why the one fhould be-called 
Longitude rather than the other, we will hereen- 
quire. . 

Seeing that the Meridians do all meet in the 
Poles of the Earth, which are alwayesa Semi- 
circle afunder from each other. This Semicircle 
we will take for one of the Earth’s Dimenfions ; - 
and feeing the Equator equidiftant every wheré 
trom thofe two Poles, is continued without inter- 
ruption, to a whole Circle, we will take this 
for the other Dimentfion of this Spherical Surface ; 
but this being a whole Circle is longer than the 
other being onely a Semicircle,therefore the Equa- 
tor mult be the Meafure of the Earth’s length or 
Longitude, and the Meridian, the Meafure of its 
breadth or Latitude. In the Second Chap. I 
fhewed you how to find the Latitude of any 
Place by an obfervation of the Sun’s or any Star’s 
Meridian Altitude ; [ will here fubjoyn fome 
particular Methods for finding the Longitude of 
any Place by obfervation. 


PR © #. 
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Pom ae. 3. 
To find the Longitude of any Place by obfervation. 


The Method for finding the Latitude of any 
Place depends upon the immobility of the Poles 
of the World, and the procefs for finding the 
Longitude of any Place depends upon the ine- 
quality of the motion of Celeftial Bodies: for 
if both the Fixed Stars and the Planets be mo- 
ved withan equal degree of Velocity from Eaft 
to Welt, every of thefe in the fame number of 
Hours shall pafs through all the Meridians of the 
whole Earth, . But according to the truth of the 
matter ( by reafon of the inequality of the mo- 
tion of the Celeftial Bodies ) ifany fixed Star 
comes to any Meridian at 12 H afternoon, it 
fhall come to that Meridian whichis 90°. diftant 
to the Weftward at 11. H. s9 M. and con- 
fequently the Errour of ‘one Minute of 
time, inthe Sun’s Motion, produceth an Errour 
in Longitude of about 90 D. 

Alfoif the Moon ( whofe motion isthe fwift- 
eft of all) comes to any Meridian at 12 4 Clock, 
we fhall come to a Meridian which lyes7D. 12° 
Weftward, about 12H. 1 M. and therefore from 
the Errour of one Minute of an hour in the 
Moon’s motion from the Sun, arifeth an Errour 
of 7°. 12' in the Longitude of the Place pro- 
pounded, and in the motion of the fame Moon 
from any one fixed Star rifeth an Errour of 60. 
+8'. and inthe fame manner the Errour increafeth 
in the reft of the Planets, both from the Planets 
Place 
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Place taken by obfervation, and from the Tables 
calculated according to thé proportion between 
the motion of the Planet obferved, and the mo- 
tion of the Primum Mobile. 

Then fecing the difference of Longitudes 
Carinot be obtained by help of Celeftial obferva- 
fions, urilefs the Hours of both Places be firft 
known whofe difference of Longitude, is fought, 
it ig evident thatif the Errours at both Places 
be not ofthe fame denomination, and leffer than 
one minute of time, the Errour of Longitude can- 
not belefs than 13°. 

Hence it is manifeft how difficult ( if not im- 
poflible ) it is to find the Ship’s Longitude at Sea 
by obfervation of the Celeftial Bodies , and that 
the whole ufe of fuch Obfervations is to be refer- 
red to ree ae and Aftronomy. However fee- 
ing it may be of ufe for our Seamen to know thefe 
various Methods, I fhall here infert them. 


METHOD: 1. 


To findthe Longitude of any Place by an Eclipfe of 
the Moon. 


This way would be of very great ufe if we 
could fee an Eclipfe every night: and may thus 
be effected. At that moment of time when 
througha Telefcope you obfervethe beginning or 
middle of an Eclipfe, You muft take the Alti- 
tudé ofa fixed Star, whether it be upon the Me- 
ridian orinany Azimuth, itmatters not; but if 
the Star be in the Meridian, You may (if You 


<new it not before) find the Latitude of the 
Place ; 
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Place; which Aftral Altitude (being taken ) 
' find the hour of the Night with all poflible exaét- 
mefs; whichis moft eafily done by this following 
Rule , if the Star be upon the Meridian, viz. To 
“ithe Complement of the Sun’s Right Afcen. 
ls fin’H. M. add the Star’s Right Afc. in H. M. the 
fum is the time required. Compare this time of 
|, the Night thus found, withthe time of the be- 
‘\ jginning or Middle of the Eclipfe, found by the 
li L[Almanack or Ephemeris calculated for that E- 
clipfe, andthe difference between thofe two, is 
ithe difference in time between the Place for whofe 
(Meridian the Ephemeriswas calculated, and the 
[Place where this obfervation was made. And 
‘i the Longitude of the Place’ where this obferva- 
‘Eion was made, may be found by converting the 
' Hours and Minutes in the difference in time be- 
Ké (Eween the two Places, into Degrees and Minutes 
lof the Equator. 


MExsTr HOD -z, 


a oa ia J Oe ee ee ey Smee RNR: ES nt he Seinen 
10 finathe Longitude of any Place , having the Moon's 


— 


Place in the Z diac given. 
oo 


Altho’ the preceding Method by an Eclipfe of 

he Moon bethe moft accurate, yet becaufe E- 

ti #Plipfes feldome happen, and when they do, are 

yiot vifible in all Places, therefore the precepts 

here delivered are not fo ufeful to Seamen at 

« Bea; being rather accommodated to the Shore ; 

‘fRnd thereby the Longitudes of moft Places were 
i Hifcovered ; but to our prefent purpofe. 


G Find 
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Find the true moment of time in which the?) 


Moon comes to the Meridian, and thereby the: 


Longitude of any Place required may be found|, 
after this manner. 

Inthe Place of Obfervation, (the Lat tude 
being known ) find the Altitude of any knowm 
Star, and thereby the hour of the Night witin| 
afl imaginable accuracy - but note that the Altt- 
tude of the Star muft be taken precifely when 


the Moon is upon the Meridian, Next, fincy ” 
what degree of the Zodiac or Ecliptic is in the) >” 


Medinm Celi at that fame inftant of time 


and thus for the time found we have the Moon”) ™! 


tre Place mn the 7Fodiac. Then from the Table 


calculated for the Meridian of that Ephemeri) | 
fnd the hourin which the Moon fhall be in thay 


oint of the Zodiac : and we fhall have the horaai 
ry difference in time between the two Places, viz# 


of the Place where the Obfervation was —madeq! 
thea 


whofe Longitude is unknown, and alfo of 
Place to whofe Meridian the Ephemeris w*4 
calculated : and then proceed as in the formed 


Method. 
ME THO D: 3. 
T0 find the Longit 
of Jupiter. 


Many there are who prefer this Phenomenc@ 


before others, becaufethe Satellites of Fupiter haat 
10 fenfible Parallax, and in every Pofition of Fupzil 
above the Horizon, are conve 

ferved, 


niently to ‘be « 
About this Glorious Planet Fupiter thegl 


VPP 
} 


ude of any Place by the Satelliim st! 


hit { 


Ay 
4 { 
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a 


“Pt 
a 
af 
ib 


The Art of Navigation. 83 


are four Satellites ( invifible to moft naked Eyes, 
tho’ very eafily perceived through a Telefcope ) 
which continuaily move round about Supiter, re- 
{pecting him as their Common Center. ‘Their 
proper motion by whichthey are carried about 
Jupiter for their diurnal motion, and their motion 
in the Ecliptic is common to all the fixed Stars,to 
Jupiter and the reftof the Planets) is fwift: 
That which is neareft to Fupirer . finifheth his 
circuit in one day, 18 Hours. The Second in 
3 Dayes 13 Hours, the Third in 7 Dayes two 
Hours, and theFourth in 16 Dayes 18 Hours. Pf 
then you would find the Longitude of any Place 
by the Stated Motions of the Satellites, You mult 
( bya moft exact Telefcope ) obferve the con- 
junGion of any twoof thefe Satellites with Fupi- 
ter, andto that moment of time in which you 
make this Obfervation find the true time either 
by the Meridian Altitude ot other Azimuthal 
Altitude ofany kriown Star: then in Your Tables 
of the Motions of thefe Satellites, find the true 
time, in which the Conjunction ( You obferve ) 
fhall happen ; viz. at the Meridian of the Place 
by whichthe Tables. were calculated: and thus 
You have as afore the difference in Time between 
the Meridian of the Tables, and the Meridian of 
the Place of Obfervation, which being reduced 
into-Equatorial Degrees, gives the difference of 
Longitude between thefe two Meridians. 

But feeing that thefe Tables (for want ofa 
fufficient number of Obfervations ) are not ar- 
rived to their defired perfection, | fhall only give 
you this following : but dare not recommend it to 
Your Ufe for finding the Ship’s Longitude at Sea. 

G 2 The 
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of the Eclip’es of Jupiter’s Satellites, cifible 
yidian of the bier. itory, or near it, 


ands the Me- 
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The explication and ufe of the foregoing Las 
‘ble, 


Firft, you muft have in readinefs.a Tube or Te- 
lefcope 12 or 14. foot long, which directed to 
Supiter will fhew. his Satellites ; which, otherwife, 
are incon{picuous to. molt Men. Z 

Secondly, at the. time of, obfervation (which 
muft alway.es be when fome or other of thefé are in 
Eclipfe.,) You. muft find the ‘true tithe of ‘the 
Night, either by the Altitude ofa’ Star, in’ any 
Azimuth ; or by any Stars coming pon the Mc- 
wi at that time. 

Then by comparing the Time between the Me- 
ridian for which the foregoing Table was Calcu- 
dated, and that .which You find either by , the 
Qulmination of any Star, or its Altitude upon 
any other Azimuth You1 may attain the difference 

in.time, between thee “two “Méridians ? “which 
difference red luced, ‘into. Degrees “and: Minttes 
fhews the Longitude. of .the Place Ae et oY 
the diftance of thofe, v9 Meridians at the Equa- 
tor, 


The Table 1 it fe arf thews You all the Eclipfes of 


thefour $ Satellit tes for every Month’ of the Year 
and upon what day of the Month, and hour, an d 
Minute of the Day each Eclipfe happens. Th: 
Letter...E. figs nifies the Emerfion, or end 
theEchpfe, and I the Immerfion or. beginning 
thereof, “Thus againit September 26 You find 


rs H. 57 Minutes, and in the refponding Satellite 


ir 3 Column 
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the meaning whereof is that wpon Seprember, 260% 
at13 H. 27M afternoon, the 4rh. Satellite 1m- 
mergeth, or entereth the Shadow of Fupitir, and 
ata7 H. 29 M, the fame Satellite emergeth a- 
gain from the Shadow of, Fupiter, and conjequent- 
ly.the Eclipfe then endeth, | ! 
Alfo againft ‘December. 2. ftands 11 H. 10M. 
againft which ftands 1 I.which fhews that the firft 
Satellite immergeth or beginneth to be Echipfed 
that- day at.11 H. 10 M afternoon. And” upon 
December?30. the Table fhews You'that the famic 
1 Satellite emergeth or ceafeth to, be Ecliped ‘at 
I8H. 33 Mafternoon, = tO". Ras 


“Theale of all which 5s thi. 


~ Admit Lhe at.Sea October, the Brn. 1693s and 
by'my. Telefcope 1 find the Tiimetfiow of ‘the 
‘firft Satellite. at-3a Clock 48M. paft, in’ the 
Morning, Viz. DY an obfervation taken of fome 
Stars Altitude, but by the Table find the Immier+ 
foto beig H,-41M, therefore SRA i: 

From the-objerved time 3.48, adding 12H 1548 
_,. Spbtract, the, Tabular’ time --"~.° 1g. 41 


the remain¢r aS -+-——-— 


which mav thus bé reduced into Degrees and! 
Monnatese. Von mutt Kk ; rey A *} 
Minutes. You inuft know that for every four im 


wens 
Pay Uils\ 


a cent: TOF! | 


time, 15°, 00-of the Equator maft pafs the Me-} 
cidian, therefore find the Minutes’ in the diffe--} 
rence 
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‘rence in time, which in this Example is 1 H. 07 M- 

\viz. 67 minutes, Alfo find the Equatorial mi- 

‘mutes in 15>. co’, by multiplying 15° by 60, the 

'Produé 900, givesthe Equatorial minutes requi- 
wred, then fay 

If 60.) 900 3: 67 


6 [230 | 9 | 1005 Minutes. 
k f° | 

divide 1005 by 6o (the minutes in a Degree, 
» vand the Quotient is 16°. 45’. for the diff. in 

Longitude between the Meridian of the Ship, and 
, Wthat of the place for whofe Meridian the Table 

ywas calculated. 

_ But this way, which really is very exact, la- 

ibours under two inconveniencies fcarce to be re- 

imedied, viz. the almoft impoffibility of finding 
j,itrue time at Sea, and of managing a Telefcope 10 
vor 12 foot long on board of a Ship. 
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A Catalogue of the Eclipfes of Jupirer’s Satellites vifible urder the 


Meridian of the. Obfervatory, or near it, AMno 1694. 


i. January Satel., arch sate. May Sacel.| N-vembcr 
Pepe macs acmeelileomanenta 
|. H M | H.M. Sarel. 
ape pype ree! ipo... LY ere ry 
: E| 5\ 9.472 kf 3)t7-s7)% fl 
, ye 9 3t{r FE] 4]b5.16 FE 
4 E28) 9: 413 FE] sj2.25]f I! 
| 3 + 16418. 8j2 Hl 
iy e 319 34 E 8 7 
Ile 1S rt pests. aie 
Vy E——— i Line SAO SAA ae 
12 __ July 22|12.3¢/3 Ef 
I E {Conjunction of |26 17.47|1 
Asap and Jupiter lon}.o.gal2— |! 
2 Augult 28412.24\1 
BE) 3ir7. 3! ae De cember 
E 5115. $712 I) 4 12. 26 2 
| )} & oe i 
aging 3! . tgetgt 
7 : ts. 16}} 116/423 
ERASE TE Be ; iT I}T 4.56 2 
Pia r tty Sepreniber E2}16+° 44 
-5P2 Erring. iz9 1 Ort hee nevecets 
: sf ee as 19 2 Wie} 7°28 2 
- 272) Eyghin. 351 if 17.54 0 
5]21 bioglre eon Het ffee2Uit 
q emia z } a 
2111 2 23116. 6l4 
lia See slau pale 
C143 f 125] 9-4 3) 
, Cig a tes af 4 pL EI 
ifr EPS — POG 12 
9. 2182 | 8116. 22 Lar. ee 
A. . 0153 ateLey | 3 5 
2, gr EVHT? 419! | 
i. atog isis. «[s2 J} 
8. mAeCRS bo aa 8 
1k ais | 
Us. i 4is3 EY 
ha, 2oi7. ator. Vf 
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{n this Table of the Eclipfes of Fupiter’s. Satel- 
lites calculated for 1694. You are to note that 
the Eclipfes of the firft Satellites are the moft con- 
venient for determining the difference of Longi- 
tides of diftant places, not only becanfe they 
happen more frequently, and may be diftin&ly 
ieen with a good Telefcope of 8,10 or 12 foot 
long, but alfo becaufe its motion is found more 
regular, 

The Eclipfes in this Table, are fuchias are vi- 
fible in England, but to find whenany other E- 
clipfe not vifible tous, but under fome:remote 
Meridian happens, you muft firft take the mean 
Revolutions of the Satellites, which are-as fol- 
low. 

DHM = S§S 

The mean Revol. of the firftis made in. 18.28. 36 
of the Second in—3..13.:17. 54 

of the Third in-—=7; 03259. 36 

of the Fourthin — 16.18.2005. 03 

Then to find when the next Eclipfe of the firft 
Satellite will happen after Oftober 4 1694: you 
mu{t 

Yo the given time of the Catalogue-for Of. 4. 
viz 1§ H. 54M. addthe time of one Revoluti- 
on, wz.-1 D. 18 H. 28M. 36S. the Sumas 2 D. 
14 H. 22 M. 36 §. which add to Off. 4.:makes OG. 
6.D. 14H. 22M. 36 S. viz.the time .of the next 
immerfion: and thus you may proceéd for all the 
reft, and by help of a Terreftrial Globe rectified 
for the Latitude of Lomdons:.and to the day of the 
month, youmay find where any other Immertion 
or Emerfion will be vifible.<« 
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METHOD 4. 


The methods hitherto declared for finding the 
true Longitudeof places! are not fo univerlfally 
ufeful as might, be hoped, becaufe they (depend- : 
ing upon:Ccleftial Phenomena s) cannot always | 
he put in practice. For not only a Cloudy Sky 
hinders our purpofe,, butimany times the’ Eclipfes i 
of the’ Moom¢ happening in places far diftant it 
from us }<are: not’ toxbecobferved by us; and i 
fometimes alfo’ the ‘Satellites of Jupiter ( when a 
that Planet is near the: Rayes of the Sun, or when ‘t 
he is below the Horizon) are altogether unfit th’ 
for our! Iputpofe. Thefe inconveniencies have | 
been endeavoured to: be:remedied by Automata’s, i 
or unerring:Clocks ; but-wbat man will pretend i 
to make:a movement which fhall always keep the if 
fame; pace without anyidifférence in motion , and ; 
were it ‘poffiblle to contrive fo curiousa piece of 
Clockwork, whofe motions should be equal at all 

t times in the place where it was made, yet expe- 
W rience telisc.us that tho’a Glock goes juft! and re- 
gular in’‘one: place, yet"it's: morion will wary in 
another: Country. For example’: if! its motion 

_, becertaimand. regular at; Lond. it ofhalli be uncer- 
YW; tain. at dVova~Zembla, and the farther: yi advance 
within the [Artic or. Antartic Cinclesy towards 
either of- thé Poles, the motion fhall/bé-fo much 
flower than at Londoa nay,the motion: thereof thall 
be retarded, tho you increafe the weight: and 
confequently when thefe Correct Automatons are 
carried into an air more warm than that in which 
e- 4 Ex Ge Oey wee they 
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they were made, their motion fhall be fwifter 
than before. 

The reafon whereof I will not determine, that 
is, W fa ther thefe different degrees of motion 
in Clocks be aia to the air, or to the figure 


i ot fie Earth: but proceed to ‘few how (fap: 


poling fuch Clocks to keep a juft and regular mo- 
tion in all parts of the Earth ) the Longitude of 
places might be difcovered by them. 

When you depart from any: place rectifie your 
Clock moft.accurately to that hourand minute of 
your rid esaape fo fhalt your Clock fhew you the 
true time for that place from whence you depar- 
ted; then find the true time -at: that lace /to 


| swhich you’ are. come+ Artie! by the Sunin the 


day; or by the'Stars in the! night Yvands bycon- 
verting the hours and! minutes. (berween’ thefe 


| | “two times’) into Degrees'and Minutes; you have 


the difference’ of ‘ Longitude between the Meri- 
dian you firft departed from, and the Meridian 
you are come! into. 

I have now done with the jmethods comaronby 
made ufe of for finding ‘the Longitude of' places 
at Land: I wifh any of them could be put in 
practice at Séa, that fo Nevigation might attain 
its defired Perfection ; however all my defign in 


‘handling this matter fo largely, is to give the 


Reader fome certain Idea ‘of. the bufinefs of Lon- 
gitude,' and that there is no‘fich myftery ‘in this 
Notion, as our ordinary Seamén commonly ima- 
@ine. And’ thus by knowing the ativade and 
Longitudeofany two places, we may readily con- 
ceive their pantion, or place upon the Superficies 
of the Globe. 

CH AP, 


as 
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The Deleriptions Delineation and ule 


“of all Geographical Maps. 


ALAPS are the: lively, reprefentation of the » ' 
4 dvPofition’ of! Places» Of Maps, fome: are!) 
Spherical;::ard: confequently. univerfal;, others |“) 
‘ReGilinear, and-genérally, particular!: we will | ‘0 
firft begin with thé:Gireular: or Spherical Proje- » | 
ction of Maps, as‘being molt like, to,the Form, or 
Figurdow the Rarthowt bdomeqsb fet 1 

It isto be wondered at, thatamong{t fo ma-. }) wi 
riy-as apply sthemfelves to the ftudy of Geogra- |) «! 
phyg there>are-butifew sto be found who through- | 
ly -underitand the:-Conftrudction},of Geographi- | 
cals Maps: for: whe(cans pretend to judge. of'| 
conveniences or inconveniencesof |Maps, that:)) ti 
ares utterly -ignorant| of: the foundations where--| 

| on they are placed And: feeing the jwhole skill) yy, 
of the:-conftructionoof, Maps depends. upon the: )) ii, 
Principles of Opticks: (, commonly - called) Per--}) yj) 
{peGive 1 thall here explain fo, much thereoft |p) 
as may be fufficient for our prefent purpole. 


This: i] t 
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This Art of Perfpective teachethus to repre- 
fent all manner of Objects upon a Plain or Table 
in their true Site or Pofition, according as they 
appear to the Eye, howfoever it be pofited ; which 
how to perform I fhall here inftrué You. 

When we defiretoreprefent any Point, Super- 
ficies, or any Body in a Table ( whether we real- 
ly fee them with our naked Eye, or fuppofe the 
Idea thereof in our mind ) we ought firft to 
fuppofe the vifible Object to be feen by one Eye, 
as from a Point : arid to aflign the Place, Site ot 
Pofition of the Eye, from whence the Afpeét 
proceeds. 

Secondly, in beholding any vifible Object, we 
fuppofe an infinite-Piain, called the Glafs or 
tranfparent medium to be placed between the 
Eyeand the Object. 

Thirdly, we oughtto conceive, that from eve- 
ry Point of the Obje&t there may be Rayes or 
Linesdrawn (through this’ Diaphanous Medium ) 
to the Eye, which Lines ( fo fuppofed ) fhall cut 
the Medium incertain points, and thefe points 
duly joyned by lines drawn from point to point, 
fhall give the true reprefentation of the Object 
from that fame fight or pofition of the Eye. But 
this Optick contrivance holds not true in all Ca- 
fes, as may be eafily conceived from the various 
pofitions of the interpofed Medium ; yet becaufe 
there is not hithertoa better way invented, 
we will content our felves with this for the pre- 
fent. 

Thus then fuppofe the Earth with all it’s Places 
upon the [eriphery or Surface thereof were re- 
quired 
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quired tobe reprefented in Plano, and that the 
Eye be pofited fome where in the Aer. 

Then between the Eye and the Object, let 
there.be.a fuppofititious tranfparent Plain , whofe 
pofition (tho it may be taken at pleafure) to 
render the appearance-of the Object more regu- 
lar, we will fuppofe to'be at right angles to that 
fictitious line which ‘is ‘conceived to be drawn 
from the Eye to the Center.of the Earth: and 
from all the points in the Surface of the Earth, 
let us fuppofe lines to be drawn to the Eye; 
then fhall-thefe lines orvifual Rayescut.this Di- 
aphanous Plainin certain points, and thefe ‘points 
duly joyned fhall give the Reprefentation of the 


Places inthe Surface of ‘the Earth: Lajffly, it 


thefe-Points in the Surface be all taken. from a- 
ny of the Circles of the Sphere, as from points 
inthe Equator, Meridian, Tropics, ce. and 
be conjoyned by linesdrawn from point to point, 
thefe connected lines ( whether right or-curved) 
thall be the Image, or Reprefentation of that 
Circle,from whofe Periphery they were drawn. 


And-by-this Artifice may all'the Circles of the |) 


Globe, andall the placesin the Surface thereof be 
exactly reprefented. 

And feeing the Earthis round, therefore the 
whole Surface of the’Earth ( with all the Places 
thereon ) cannot be reprefented upon one Plane, 
becaufe any two Places Diametrically oppolite to 
each other, muft be reprefented by one and the 
fame point : fo that if You defire a true Repre- 
fentaticn of all Places, You muft do the fame 
by two. equal Hemifpheres. i 

y 
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By this (hort view.of Perfpective, I hope the 
Reader canbe able rationally to conceive how all 
the Surface of the Terraqueous Globe may be re- 
prefented in Plano: and that nothing may appear 
wanting to his further Inftruction, 1 fhall explain 
thefe two following Particulars upen which the 
feveral varieties of Geographical Tables do de- 
pend. 

Firf?, 1 told You that in drawing the Image or 
Reprefertation of any Object, there mnuft be a 
point afligned ‘for the pofition or Place of the 
Eye, which point ocular muft alwayes be taken 
fome where diftant from the Object: then he- 
caufe about any Object there is an infinite fpace, 
and fo there may be an infinite number of points 
from whence the Eyemay view the Hemifphere of 
the Earth ; if from feveral ofthefe infinite points 
there be Rayes or lines drawn to fundry points 
inthe Hemifphere, ( all which are fuppofed to 
pafs through the Diaphanous Medium )) there fhall 
arife fundry various Reprefentations of this 
Hemifphere, according to the diffcrent Situations 
Or pofitions of the Eye. 

Thus, when the Eyeis.direétly pofited againft 
the middle of any Frontifpiece, of an Houle, the 
vifual Rayes drawn from each pointin the Fron- 
tifpiece (through the interpofed Diaphane ) to 
the Kye, make one kind of Image or Reprefen- 
tation thereof: and when the Eye is pofited either 
higher or lower; Obliquely to the right or 
left hand thereof, the Reprefentation is (at 
each of the Pofitions ) different from the former. 

And thus it isin the Reprefentation of the 
Hemifphere of the Earth: for if the Eye be 
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placed in the air directly oppofite to theEquator of 
the Earth, there will be produced one Reprefen- 
tation thereof-if pofited in the Axis, or Semiaxis, 
there will arife different Reprefentations, and 
hence it is, thatin the Projection of the Sphere 
( which is only the Reprefentation thereof upon 
a Plain ) the Equatot, Meridiaris, Parallels, Cc. 
have various and different Reprefentations. 

Secondly, You muft confider the Caufe of the 
Variety in the largenefs of thefe Tables or Repre- 
{entations. 

The Superficies of the Earth, Churches, Hou- 
fes, Gc. may be drawn or reprefented either in 
large, or in little. The Caufe of whichis two- 
fold. 

1. By how much the Eye ts further diftant 
from the Obje&, ( the Pofition of the Diaphane 
remaining the fame) by fo much is «lie repre- 
{entation of the Object leffer. 

2. By how much the Diaphane is pofited near- 
er tothe Eye, the reprefentation or Projecture is 
leffer, and the nearer this Diaphane is to the Ob- 
jet (the Eye remaining in the feme pofition ) 
the greater is the Reprefentation of the fame. 

But if the eye (the Diaphane remaining in 
the fame Pofition) be removed any where, ( pro- 
vided it be in the fame line with the Center of 
the Earth, orinany line perpendicular to the 
Surface of it) then the Figure of the Projecture 
i not changed, butthe Size or Magnitude of the 
Fieure is different. Alfo if the Table or Dia- 
phane be removed any where either towards 
the Eye ot the Object, then fhall all the Projec- 
tures or Reprefentations be of different Magni- 
tude, 


) 


—" 


Pree 


, 
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tude, and yet all of them fhall be like each other : 


that is, ( in relation to the Projection of the Su- 
perficies of the Earth) all the Places fhall have a 
like Pofition with that of the Prototype, provided 
thatthe Table in it’s acceflion to or receding 
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projectures thence arifing fhall not be like; nor 
fhall the Places in the Table, have the fame Situ- 
ation as in thé Prototype, but fhall be much dif- 
ferent both in fize and Similitude. 

Inthe Projectures of all Bodtes, as alfo - in 
j that of the Surface of the Earth, ‘the Diaphane 
§ or Table is alwayes fo to be pofited, that it may 
j touch the Surface in that point, to which a right 
| line drawn from the Eye is perpendicular to the 
‘| Surface of the Earth: and ‘for drawing the 
} Projecture greater or lefler, we mult ‘fuppofe the 
| Eyeto be moved further from or nearer to the 
|} Earth. But then we mnft admit the Earth to be 
| very {mall. 

Thus having explained the nature of Project- 
} ing the’Surface of the Earth, from whence the 
Original of all Geographical Charts is taken, 
) | we will enter upon the Methods of performing it. 
| | But firit You muft confider whether all thefe Geo- 
| graphical Tables muftbe made according to the 
| Rules of Perfpective and whether they be fo or not. 

For the defign of all Maps ist6'givé'a lively 
jy }reprefentation of the Pofition of Places upon the 
és (Surface ofthe Earth ; therefore we may not un- 
, Mtly enquire whether this may not be effected 
. Pwithout obferving the Rules of Perfpettive? For 
: whe 


=i —— oe = —— 
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from the Eye, keepin a parallel Pofition. Fut 
if the Table,be not in a parallel Pofition, and the 
Eye be moved to any Oblique Pofition; all the 
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whether thef: Maps be drawnaccording tothe tules 
of Perf{pective, or without any, regard had to these 
Rules. (provided that the Pofition of all Places, be 
truly reprefented) then Maps fo drawn are ufualy 
{aid to be well done. To this it may be an{wer’dy 
That{malk Maps,viz. of fome Province or the like 
tay be projected by a Method different from, the 
Rules ot Perfpective, viz. by Angle$ of Pofit.on 
of Places, or by their mutual diftances from one 
another : but all the Maps which contain a)large 
portion of the Surface. of, the Earth; cannot 
more conveniently be performed, than by. the 
Rules.of Perfpective, commonly called: the Pro- 
jection of the Sphere. 

In the Projectidn of Maps,there are thefe things 
to be confidered., Firft, that all Places have ;the 


fame Situation, in Your. Maps, as they haveupan , 


the Globeit felf, that is, that they may be under 


the fame Meridians, Parallels, .and diftancetsom: 


the Equator in Your Map, asthey are from) the 
Equator of the Earth. Secondly, the Extenfion 
of all Country’s upon Your Maps, have; the 
fame Pro-ortion,.as on the, Earth, it, felf,,-and 
Thirdly, that, all. Places, have-the» fame .fituation 
and diftance one.from.dnother,.as they, have, upr 
on the Surface of, the Earth. . 
The firft of theie. three Confiderations may be 
exactly performed by:help ofa, Vable of Latitude 
and Longitude of Places.:the.fecond. cannot ».fo 
accurately be done if we follow ‘the, Rules of; Per- 


fpettive, becaufethofe parts; of a; Curved, Sur-s 


face. which are..more.,remote from the -Eye, 


do. make. a lefler Reprefentation. inthe Diaphang}. 


thafithofe which aye,nearer-to. at ;. but. this »:Ine- 
his eel quality 


(ye 
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cuality is fmall and infenfible, if the Eye be fup- 
pofed tobe of an infinite diftance from the 
Earth. And as tothe third Confideration, I fay 
that all large Maps, as thofe of the whole 
Earth, and thofe of thefour Parts thereof can- 
not perform the BufinefS exadtly, altho’ in fmall 
Maps this Third Confideration may in. fome mea- 
fure be effected : this Explication being rightly 
underftood, we cometo put thefe precepts in 
practice . 


Firft, te draw a Map of the World, from. the Pofirton 
of the Eye inthe Axis thereof. 


FIG. 28. 


ET it be requiredto draw the Meridians 
I, and: Parallels of a;Map, which fhall contain 
+ of the Surface of the Earth, viz. that Hemi- 
fphere which is contained beween the Equator.and 
the North or South Poles of the World. 

For the effecting whereof, let. us) fuppofe the 
Eye to be placedfome where above the ‘Hem1- 
{phere, exactly over the middle point. thereof, 
which reprefents one of the Poles of the World; 
fo fhall the Eye, the Pole, and Axis) of the 
Norld be all three in one direct line; , and fo 
fhall’ the Plain of the Equator ior that \Plain 
( Parallel‘to it.) which toucheth the, Hemifphere 
in the Pole point, reprefent the Diapliane, or 


} tranfparerit Medium. 


Then let us fuppofe that from alb the Places 


| ot poirits in the Péripherie of the Hemifphere 
vi) thevevare lines drawa to the Eyecutting his Dia- 


H 2 thane 


100 The: Art of Navigation. 


phane in feveral points, which points duly joyn- 
ed fhall give the Image or Reprefentation of the 
Hemifphere : Thusif You take feveral points in 
the Diaphane, whicharife from the lines drawn 
from feveral points in the Tropic to the Eye,thete 
lines will when duly joyned reprefent the Periphery 
of the Tropic. And in this method, it ts evi- 
dent thet the Equator is the Term of Projection : 
and. that the Pole of the Earth is Reprefented by 
the Centre of thisCircle, or Equator : that the 
Meridians (all pafling through the Poleof the 
World evento the Equator ) are all ftreight 
lines ; and that all Parallels of Latitude, Tro- 
pics, Polars, &c.do by this way of Projection, 
become Circles, whofe cominon Centreis the 
Pole of the World. 

And feeing that the Longitude and Latitude of 
any Place is determined by the interfection of the 
Meridian and Parallel of that Place, therefore at 
the interfection of the Meridians and Parallels in 
the Optic Hemifphere may the Longitudes and 
Latitudes of Places be truly reprefented upon this 
Projection.’ All other Peripheries and Semiperi- 
pheries which have not the Pole of the World 
tor their Centre, and sare to be drawn upon 
this Hemifphere, are not right lines, nor Circles, 
bat Ellipfes 

For if ‘it be required todraw the Horizon’ of 
any Placeand any of the: vertical Circles there, 
they muft-be drawnalmoft like Arches of an El- 
lipfis; for when a Circle is feenfrom any obli- 
que Polition of the Eye, it can never appear like 
‘nto an Elli; fis: the reafon whereof is this, that 
ittian Ellipfis, tho? the two Diameters be unequal, 

: yet 


ee as ~- 
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yet the two Semidiameters, I mean the two Se- 
midiameters of the Conjugate, or Tranfverfe Di- 
ameters are equal; but inthe Optic Projection 
of a Circle, the two Semidiameters of thefe 
tivo Diameters are unequal. 

For the clearer underftanding of this kind of 
Projection we muft fuppofe there is an Optic 
round Pyramid, ufually called a Cone, whofe vety 
tex reacheth to the Center of the Eye, ‘and 
whofe Bafe is that Circle of the Earth which is re- 
quired to be projected ; the Sides of, this Cone 
are Rayes drawn from the Periphery of the Cir- 
cle to the projected, and continued to the Eye. 
We mutt alfo fuppofe this fictitious Cone to be cut 
by the Diaphane or tranfparent Medium: and 
according to the different pofition thereof there 
arifeth a different Section and line, which is the 
projecture ofthe given Circle. Thus the Eclip- 
tic it felf, whereof is contained under the Artic 
Hemifphere,the other = under the Antartic, muft 
be projected like asa part ofanEllipfis. Having 
now fufficiently explained the Method of thefe 
kind of Maps, I fhall proceed to the Projection 
thereof, 


ao, 28, 


Let P the middle point reprefent the Pole of 
the World ; from whence as froma Center let 
there be defcribed a Circle of what Radius you 
pleafe, which fhall reprefent the Equator , and 
from this Center and the Circumference from 
thence defcribed, areall other points to be taken, 
Divide this outward Circle into 360°. co’. fo 
H 3 Shajl 
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fhall right lines drawn from the Poleand pafling 
through thefe points, reprefent Meridians, and 
that Meridian which pafleth through the begin. 
ning of the firft Degree thall be taken forthe firft 
Meridian, and fo fhall the other lines reprefent 
the remaining Meridians of the Earth, and Lon- 
gitudes from the firft Meridian. But in this Chart 
it's fufficient to exprefs only every 1oth. Meri- 
dian,as You feein the Figure,P.10. P.20, P.30. &c. 
in the Quadrant AB. 

To delineate the Parallels of Latitude, lay a 
Ruler on D and on cach 1orh Degree in the Qua- 
drant BC, and draw lines as you fee in the Figure, 
which fhall cut the Diameter. AC in ro. 20, 30. 
ec. then from P with the diftance P.10.P.20. ec. 
ftrike the Circles, which fhall reprefent the Pa- 
rallels of Latitude. required. 

Then becayfe the Tropics are 23° 30’ diftant 
from the Equator, and the Polar Circles 23°. 
30° from the Poles, therefore to defcribe thefe 
two Parallels fet 23°. 30° from Ato E, and 
draw DEtocut. AC in’G: from P with the 
diftance PG ftrike a Circle which fhall reprefent 
the Tropic of Cancer. -Alfo fet 23°. 30’ from 
Bto HaRuleron DH willcutthe line AC inl. 
from J with the diftance PI ftrikea Circle, which 
fhall reprefent the Artic Circle. 

The Meridians and Parallelsbeing thus drawn, 
by. help of a Table of the Latitude and Longi- 
tude of Places, we may infert the Places them- 
{elvesinto the Map. Thus, from the firft Meri- 
dian, count in the Equatorthe Longitude of the 
place you defire to exprefsin the Map;fo fhall you 
thereby find the Meridian of that Place; then 
: amongit 
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amongft the Parallels find the Latitude of that 
Place, and.in that. point where the Meridian cuts 
the Latitude, isthe place to be put, thename 
wl ereof ought to be alfo expreft. 

To project the Semicircle of the Ecliptic we 
muft find three points thrcughwhichthe Ambit 
of the Ecliptic muftpafs: the firft point is at 
Interfeciion of the firft Meridian with the E ua- 
tor, at A - the fecond point is at the interfection 
of the fame, 180°. diftant from the former at C, 
and the middle point is that in which the Meri- 
dian cuts the Tropic of Cancer, viz. at K. thus 
have we three points A. K. C. through which 
muft be drawn that portion of the Ellipfis requi- 
red, and is lefs than ; the Ellipfis; but. ‘thefe 
three points do pafs through the beginning of 
Aries,the beginning of Cancer,-and the beginning 
of Libra; then we mult find.the firft pointof 
Taurus, Gemini, Leo, Virgo, through, which - the 
Ecliptic muft alfo pafs: butthe greater number 
of points we have given ia the —- Ambit 
Of anElJiplis, the more accurately may the. Fi- 
gure be drawn ; therefore letus take every 15th, 
Degree of the Ecliptic, and by the following 


_ Table.of the Sun’s Right Afcenfion and Declina- 


tion, findthe right Afcenfion and Declination 


for the 15rh, and 30rh, of Aries, Taurus,Gemini, &c. 
| which from the aforefaid Table willappear to be 
‘| as follow — viz 
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Right Afcenfion. | Declination. 
mo DT 
A 

ATES LST V8 inh 8 1S BO | 
TAH. 0.2.0 | 27+. §4 11s. 330 | 
Taurus 15 iin. 20a En Be 
Gemini © | 57. 48} 2 ©) | 
Cemipt: 15 .-—- | 7S. As | 22. > 29 
Cancer O 92... 00 } 23. .30 | 
Cancer, 46 2x] 1G 9 | be RAY 
Leo OQ, ~———~ | 1224.12 4.20, . 12. 
Leo Warp arnbhs Ie +29 | 16. 294 
Virgo O- =| ES Qe OO! 1 Le 4 gO 
Virgo: AR ot L160. 12,1 os 56 | 


Then m the Equatot find thefe Degrees. of 
Right Afcenfion, and from P the Pole of the 
World draw lines to each of the refpective De- 
Prees 5 Laftiy, from the graduated Semidiame- 
ter AC, take the refponding declinations, which 
applyed.'to thefe lines, will give youa compe- 
tent number ‘of Points ‘throug rh which the Ambit 
of the Elliptic Segment. mnft be drawn, then 
joyn thefe points by a teat ‘arching line fo have 
you pro} jected the Hemifphere’ of the Ecliptic. 

So Have -compleated ‘the projecture of one He- 
imifphe re of the Globe, and the other Hemifphere 

( like to this in ev ery part ) muft be eff etted in 
the fame manner. 

Now having difcourfed of the projection of 

his fort of Maps, we will enquire into the ufe 
Died and wi ether or no it be clogg sed with 
unconveniences sete 4 
Th is 
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This Map does exaGtly fhew the Latitudes and 
longitudes of Places, alfo the diftance of places 
from any of the Zones , but the due proportion 
of the Magnitudes of Countries itdoes not right- 
ly exhibit ; becaufe thofe Countries which are 
near to the Equator do receive a larger proje- 
étion than thofe that are more remote from it. 
But this defect has one convenience attends it, 
viz. that Places may be mofe diftinGly inferted, 
and that there are but a few Places habitable near 
the Pole, whereas near the Equator there are 
many. 

Note, That a right line drawn between any 
two Places upgn thefe Maps, will reprefent an 
Arch of a great Circle, pafling over the Zenith 
of thefe two Places; and alfo will exactly fhew 
the Latitude and Longitude of all Places over 
which it pafleth, even as upon the Globe it felf ; 
but the Pofition and Diftance of Places from one 
another cannot be found by them. 


Secondly, To draw a Map af the World from the pe- 
fition of the Eye inthe Plane of the Equator. 


FIG. paen 


H E foregoing Method of the Conftruction of 

Maps lying under fo many inconveniences, 

as the unequal proportion and fituation of places; 

the difficulty of conceiving the Pole of the World 

to fallin the Centre thereof, ec. 1 thall fubfti- 
tute another way far more agreeable and ufeful. 

For the true and perfect apprehenfion of this 

| Method, 
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Method, we muft conceive the Superficies of the 
Earth to be cut into two Hemifpheres by the Pe- 
riphery of the firft Meridian , the Eye mult be 
pofited in a ‘Sigs of the Equator 90. Degrees 
diftant from the firft Meridian : the Diaphane or 
tranfparent Medium in which the reprefentation 
is to be made, we fuppofe to be the Plane of the 
firft Meridian: Laftly, that Hemifphere, which 
in refped of our. Eye. lies below that Plane, is 
faidto be reprefented in that Plan 

In this projection. of the sien of the 
Earth the Semicircle of the Equator Is become 
aright line: and that Meridian which is 902,00’ 


diftant from the firft, .and in which the Eye is» 


fuppofed to be pofited, muft. lixewife be repre- 
fented by aright line: but the other Meridians, 
and all the parallels of the Equator, become 
Arches of Circles. : 


The. Conftruction. 


Upon E (asaCentre ) with any ae de- 
{cribe a Circle which fhall reprefent the firft Me- 
ridian, as ABCD, and the line BED fhall repre- 
fent that Meridian which is 90°.co’, diftant from 
it: alfo B reprefents one. of the Poles of the 
World, and D the other : the Diameter AC, at 

right-angles to BD, reprises the Equator, ...and 
F the point of. the Ey es, pofition. Thus we have 
the firft Mer cae divided into 4 Quadrants, viz. 
AB. BC. CD. DA. each of which quadrants mult 
be divided IntO 90°. 00". 

Firft, the line AC, Paeeati ne nate the Equa- 
cor muft be dvided into 189 degrees, after . this 
manner 


a a ors 
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manner, Jaya Ruler upon D, and upon each 
Degree, ( or rather each torh Degree) in the 
Quadrant AB. fo fhall the fide of this Ruler cut 
the Quadrant of the Equator A Ein H. I. K. L. 
M. N. O. P: and in like manner may the o- 
ther Quadrant of the Equator bedivided. This 
Divifion of the Equator, is the fame with the 


5 


Divilions upon a line of half Tangents, and the 


® Arch EP is the half Tangent of 109. EO of 202. 


) ENof 309. cc. Butif DE be the Radiusof a 


(> 4 


Circle, then EP will be the Tangent of 5°, EO 
j the tangent of 10°. and EA the tangent of 


45°. co. for by 20. 3. Euclid, an angle at the 
Center VEB is double to an angle at the Circum- 
ference VDB,; therefore having the two Poles, 
and the PointsH. I. K. L. cc. given, we may 
defcribe the Circumference of a Circle which 


| fhall pafs through thefe points, and the Circumfe- 


| rence fo defcribed fhall reprefent the Meridians 


ar 


of this Chart, Thus, fuppofe the Center of the 
Meridian BHD, ( pafling through the firft 109, 


| of Longitude ) be required. Seek in the line 


ee Oe ee a ee 


esi Tae 


EC, for the Tangent of 10° which is at Q, fo 
fhall Q. be the Center required; then from QO. 
{trike the Meridian BHD. from R. the Meridian 
BKD. cc. andafter this manner may all the 
Meridians be defcribed ; and the Centers of all 
thofe Meridians, whofe diftance from the firft Me- 
ridian BAD is lefs than 45°. may be found inthe 
line EC: or AE; but the Centers of thofe which 
are more than 45°. diftant from BAD. muft be 
found inthelines EC, AE continued thus, . the 
Center of the Meridian BMD, 50. diftant from 


ji) BAD, may be found by laying a ruler on Band 


W to 
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W to. cut EC ( continued ) in X. So fhall X be 
the Center. from whence the Meridian BMC muft 
be drawn. The reafon whereof is evident from 
the Figure, for if BE be the Radius of the Circle, 
and from B be defcribed’an Arch with that Radius, 
and upon this Arch you fet 50°. then a line from 
Bthrough the term of this Arch will cut the 
Circle in W, and the Diameter AC (continued) 
in X. The fame alfo may be done by counting 
each 20 degrees in the Quadrant DC for 10°. So 
fhall the whole DC, contain 45°. to which add 
CW 5°, and the Arch DW will be 50°, whofe 
Tangent is EX, the like is to be underftood ofall 
the reft. 

The conftruction of the Parallels of Latitude 
is thus : Divide the Quadrants of the Meridian 
BED after the fame manner as you divided the 
Diameter AC, or which is all one, transfer the 
Divifions in AE into the ling EB. ED. then the 
Centers of all the Parallels, Tropics and Polars will 
fall in the line EB continued; and thefe points 
or Centers may he difcovered as followeth, 
VIX. 

Upon C the end of. the Diameter, erect a Per- 
pendicular Cc. which -fhall be a Tangent line un- 
to the primitive Circle: from E through each 
Degree in the Quadrant BC draw lines, as EW, 
EY.EZ. Ea. Eb, cc. and in this Tangent line 
Cc fo divided may be found the Center of all 
the Meridians, for CW. shall be equal to EQ: 
CY tO ERS OZ. tO Esa. 
 Alfo all thofe lines drawn from the Center E 


through each degree inthe Quadrant Bc fhall be [0 


Secants, as EW is the Secant of the firff ro de- 
eTees 
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grees, which applyed from E upon the line EB 
y@thall give the Center of the parallel V 80 V: EY 
‘iitransferred into EC fhall give the Center of the 
parallel d yod, and EZ applyed asafore, thall 
give the Center of the parailel e 60 e. the like 
is ta be underftood of all the reft. 
And after this manner were the Polar Circles 
and Tropics defcribed, as you fee inthe Figure. 
There are twodifferent methods of defcribing 
the Ecliptic by this projection, according as 
yyou defign the fituation thereof either upon,: or 
me bove the Earth, fo that its Interfection with the 
(jy Equator may paf$ through the point E, which 
bis the firft point of Aries 5 and in this pofition 
Wethe projecture of the Semicircle of the Eclip- 
yetic, vizoftrom the beginning of Cascer, to the 
,@beginning: of Capricorn, isa right line: and be- 
.wacaufe the greateft diftance of the Ecliptic’ from 
ithe Equator is 23°. 307: therefore «from this 
point draw the line FEG to reprefent the 
.@semicirele of the Ecliptic according’ = to» this 
method : and if you divide this line FGas you 
Wid the Equator AC, you may number.upon it 
ithe Degrees of each Sign. 
But if you defign the-Interfection of the Me- 
tridian and Equator to beat A in the firft \Ve- 
‘#tidian, then the proje€tion thereof becomes a 
;,/portion of an Ellipfis, whofe two points are 
#A. C. and the third is that in which the Meri- 
“Wdian BED cuts the Tropic of Cancer) viz. at 
“WE, the other intermediate points, through which 
‘the Ecliptic muft pafs, may be found accord- 
, Jing to the directions in the preceding method 
‘of projecting the Sphere, viz. by the right Afcen- 


{ions 
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fions and Declinations of each 15th Degree in 
the Ecliptic. After this way is the Ecliptic ufu- 
ally projected upon fuch Maps as are drawn up- 
on two equal Hemifpheres, one Semicircle there- 
of being drawn inthe one, and the other Semi- 
circle, in the other Hemifphere. 

The projection being thus compleated, the 
known Latitudes and Longitudes of places may 
eafily be inferted therein for that point where the 
Parallel of the Latitude’ of any place cuts the 
Meridian of Longitude of the fame place, is the 
true reprefentation thereof. 

By this artifice alfo may the whole Surface of 
the Earth be exhibited in one Map, if inftead of 
the place of the firft: Meridian, you fubftitute 
another Plane parallel to it, and the pofition of 
the eye be very near this fubftituced Plane, which 
in this cafe nuft reprefent the Diaphane or tranf- 
parent Medium: for fo the Parallels and Me- 
ridians may be continued, whereas now they 
do not exceed a Semicircle : but then the repre- 
fentation would be much different from the true 
Surface of the Earth: afd. its ufe appearing far 
more convenient for determining all hour-diftan- 
ces upon Dyal-Plains, than for Geography, I 
omit to explain it further. 


The ufe of this kind of Projection, I mean in ff 


meafuring the pofitions and diftances of places 
cannot «conveniently be determined by thefe 
Maps, unlefs one of the places be pofited under 
the firft'Meridian, which how to perfofm, I may 
perhaps hereafter give'fome particular Rules, in 
an abfolute Projection of the Sphere. 


I have 
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[ have now explained (fo far as my prefent 
defign required )'the conftruétion of fome Cir- 
cular Maps or ‘Charts, according to the rules of 
Perfpective, f proceed to the conftruction of 
rigit-lined' Maps, which for Sea purpofes:are far 
more convenient.than the former. 


Of Right-lined Maps. 


Right-lined: Maps are fuch whofe \Meridians 
and Parallels are all right lines: and confequent- 
ly ( according to the’ Rules of Optics) cannot 

izive an exprefs Image of the Prototype; for 

wetherecan be no pofition ofthe eye, or medium, 
wherein ‘both thefé Species of Circles, wz, the 
()Meridians and Parallels can become right lines, 

In Figure the 28+h: it 'was° demonftrated’ that 
the Meridians'were all of them! right lines, ‘and 
wMthat by Rules of Perfpe@tive : and in! the fame 
:Mplace it appears that the Parallels of Latitude are 
fll of them Circles, not right lines. ° Charts of 
different conftraction from) thofe Ihave here éx- 
plained may be made, but thenlaltho the Parallels 
jot Latitude be right lines, thé Meridians willibe- 
geome Elliptical, Others may have’ thei Meridi- 
fans right lines; but then the Parallel willbe 
_Aly perbola’s, viz. when theeye'is polited’ia’the 
Center of the Earthyiand’ views an Heéniifphere 
from either part of the fir Meridian + thé tranf 
@parent medium through qwhtich'the Vifial Rayes 
Apafs from the Objeét to the éye,’ being a plaih pa- 
Peuci to the firft Meridian ;\and all thefé feyerat 
kinds are. drawn by Rules. of “Perfpective: tsait? Hp 
| 
. 
| 


oe y 
thofe 
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thofe Maps whofe Merididns and Parallels are right 
lines, their Conftruétion does oppofe thefe Rules. 

©f thefe there are two Kinds. One of 
them confifting upon this Hypothelis, wz. that 
the Degrees of Latitude, and Longitude in eve- 
ry part are equal oneto another. The other of 
them making the Degrees of Longitude in all Pla- 
ces, equal one to another, but the Degrees of 
Latitude unequal. The Degrees of Latitude en- 
creafing cont.nually from the Equator to the 
Poles, fo that in the Latitude of 6°. co’, one 
Degree in the Meridian is equal to two Degrees 
of the Equator, in the Latitude of 80°. to 5». 
thereof, aud in the Degrees of the Meridian 
near tothe Poles, are almoft infinite. The firft 
of thefeiscommonly called the Plain Chart, 
which as told You before, took it’s Original 
from that erroneous Notion of the Ancients, wz. 
that the form of the Earth was like toa large ex- 
tended Circular Plain, asthatof a Round Table, 
founded upon a Bafis infinitely continued down- 
wards. hence Charts or Maps delineated ac- 
cording to this Hypothefis are ufually called 
Plain. By thfs Chart , it is evident that all 
North-and South lines drawn thereupon cannot 
pafs, through the Poles of the World. And 
therefore cannot truly be called) Meridians. 
Aifo.by this it appears that each Parallel of La- 
titude is equal to the Equator. How difagreea- 
ble this Hypothefis is, and how repugnant ta 
Reafon, may be thus apprehended. 


If the Form of the Earth and Sea bea large ex- 


tended circnlar Plain, then atthe verge or Li- 
mits thereof muft be a Precipice umpaflable. . But 


OuT | 
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our Ship's having Sailed over moft parts of the 
Sea, viz. from North to South, and by conti- 
nuing an Eaftward Courfe have atrived-at the 
[fame Place from whence they began to fail, 
Without difcovering any fuch Precipice ; there- 
fore I fay that Hypothefis is contrary to experi- 
ence: and that the fame is repugnant to reafon, 
,fimay thus be argued. If. the Earth be fuftained 
.4,.¢upon a Bafis infinitely continued downwards, this 
jeBalis muff not only reach to thé: Heavens, but 
watikewife pafs through them ;, and fo proceed to 
»Mafinity, but this Bafis astheycalled it, muft be 
4 evilible in the time of the Lunar Eclipfis, for the 
Mhadow of the Earth reacheth thither, and 
,@dure, the fhadow of this infinitely long han- 
judle, muft at thofe times be vifible or apparent 
";, #kO.us 5 but this hath hitherto been invilible : Ergo, 
ono fuch thing in nature. A great number. of 
;, #Arguments may be produced to break down this 
‘Mong Pedeftal, which I forbear to mention, hope- 
jing my Reader will rather in fuch Cafes make 
mufe.of hisown reafon. in enquiring the. truth, 
ithan pin his Faith onthe Sleeve of Antiquity. 
}_Acd tho’ this Chart depend upon a falfe fuppofi- 
ition,yet feeing our Seamen.are not willing to. lay 
__ Belide the , practice of their Fore-Fathers in conti- 
), suing the ufe of this Chart, Ifhall firft. fhew 
it’s Conftruction, and then proceed to the ufé 
* Hehereof 
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The Conftruttion of the Plain Chart. 
Pol G. 2: 


‘Thefé Charts are either general or particular, 
and the conftruction of either, of themi,is as 
follows. "ig 
Draw the line AB for the Equator in a genc- 
tal Chart ; divide. this line into 180. equal parts 
or Degrees, and through each Degree, or each 
16th Degree draw perpendicular lines, which 
fhall, reprefent, the Meridians of this Chart. Di- 
vide thefe ‘Metidians into 90, equal parts OT De- 
grees, beginning that Divifion at the Equator 
AB,. ahd proceeding trom thence both to the 
Northward ‘and the Southward. thereof,each di- 
vifion in. the Meridian being equal to each inthe 
Fquator, then through each 10th Degree in the 


Meridian, draw lines Parallel to the Equator, 


Citcles of Longitude. 3 
Laftly, becaufe the World. ( according to 


this Hypothefis ) is, a_ Circular plain, therefore i: 


from C_ ftrike the Circle ADBE, which flalfre- 
prefent: the Figure of the Earth with all its Me- 
ridians and Parallels contained therein. Upon this 
Chart you may (by help ofa Table of Latitude 
and Longitude of places ) infert the faid places. 


which fhall reprefert the parallels or Circles §) 
of Latitude, as the Meridian did reprefent the itl; 


ee 


But feeing (according to this Chart ) that the) he 
Bit) 

are all parallel to each other,and divided equally assilis,., 
isthe Equator, therefore if you infert thefe places}, 
according to their true Latitudes and Longitudes,,})... 


Meridians have no inclination one to another, but 


them} 
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then fhalbtheir Courfe and Diftance difagree with 
the Globe; and if yow fet thefé places upon 
this Chart according to their Latitude and Di- 
ftance, then will their Courfe be truce, but theit 
Longitude always erroneous, as fhall be explained 
in the ufe of the True Sea Chart. 
The Conftruétion of the particular plain Chart 
is the fame with that of the general; as you may 
tfee in Fig: 33. where every Dégree of Lati- 
tude is equal to each Degree. of Longitude, and 
iMpdiffers only in it’s extent from that of the gene- 
Je ral, 
Dy) ~The other fort of right Lined Maps which 
wi{for the perpetual reputation of the firft inven- 
iivgter our famous Countryman Mr. Edward Wright ) 
\iought to be called Wrights Charts, and not 


wit] Afereator’s, Who only ftole the Invention from the 


jt Author y aad publithed ‘them ‘in: his own Name; 
anpehofe Chartsdo(as the former ) divide the Equator 
(aytnto equal parts called Degrees ; and have all 
Mithe Meridians at right Anglés to the Parallels of 
iLatitude, but the diviffon of the Meridians’ ( by 
: the Cireéles of Latitude! ) are much different from 
(ithe divifion’of the Merididiis in the plain Chart. 
(Por, the degrees of thé Meridian at¥@ not equal 
\efout unequal as I noted'before ; and do continu- 
(tally encreafe from the Equator towards both the 


welPoles. 


This: curious conttivance, the Ingénioiis Au- 
withor thereof endeavoured ts accomplifh upon this 
(very Occalion, viz. He confidered how all other 
si Maps, whofe Conftruction depented upon the Op- 

\shtc projection of the Sphére, were/éeven the belt 

: apt them ) unfit for the ufe’ of ordinary Seamen,, 

| I 2 for 
| 
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for tho’ the Latitude and Longitude of Places 
might be truly laid down upon them, yet the 
bearing and diftance of Places, (being of great- 
eft ufe to Seamen.) , could, not poffibly be 
found in fome of them; and not withoat» much 
lcbour and Art, in others of them: and» there- 
upon he applyed himfelf to the difcovery of fuch 
a Conftruction, as might not only fhew the Lati- 
tude and Longitude of Places, but alfo: their 
bearing and diftance, in right Lines. 


The Conftrnttion 1s as followeth. 


EE. Geo 26 

The Meridians( throvgh every degree of the 
Equator ) are drawn mutually. parallel; and all 
the Circles of Latitude parallel to each . other, 
and alfo to the Equator, the degrees of the Mer!- 
dians encreafing continually from the) Equator 5 
hence itis, that Places: pofited in every of the 
Meridians, are removed fo much farther above 


theirtrue diftance from the firft Meridian, by” 


how muchthey are more remote from the Equa- 
tor. Thatis, that in thefeCharts, the diftance 
of Places fromthe firft Meridian, does fo. much 
exceed the juft- diftance, as the Semidiameter of 
the Earth, exceeds the Semidiameter of any. Pa- 
rallel; or as the whole Sine exceds the 
Sine Complement of any Parallel. of, Latitude. 
And what proportion the.whole Sine (-or,Radi- 
us of the Earth ) bears to.the'Co-Sine of the La- 


titude of any Place, the, fame.proportiony doesi—!" 
one Degree in the Equator bear to, one” Degrees fm 


in.a Circle of that Latitude.or Parallel, 
It 


ee -—-r0 
z 


— 


a 


It appears from the Globe, that a degree in a- 
ny Parallelis lefs thana degree inthe Equator ; 
and that degrees in each Parallel do grow lefs 
ind lefs, according asthat Parallel is nearer to 
rhe Poles, as you may obferve in Fig. 30: but in 
his admirable Contrivance, the Parallels of- La- 
itude are each made equal to the Equator, and 
‘onlequently a degree in each Parallel muft be e- 
jual to a.degree in the Equator: therefore by 

mow much the Parallels themfelves are encreafed 
bove the juft extenfion, by f much -muft the 
Meridians be encreafed above the extenfion of the 
}-quator, and by Figure 58. the proportion of 
puy Parallel to the Equator, and of a degree in 
qmy Paralielto a degree in the Equator may be 
und: for let HQ be the Equator NP. SP the 
,.W/orth and South Poles of the World, and ADB 
wy Parallel of Latitude; then it is evident that 
MEC is the Semidiameter of the Equator, and 
AD the Semidiameter of the givenParallel; there- 
pre, as AC is to AD, fois CEadegree in the 
..wquator, to DF a degree in that Parallel: and 
* jpe contrary ; for AD ‘bears fuch proportion 
“ae ZEC as DF doth to EC. 
Here, note that if you defire the proportion 
"Ore accurately, you muft not take the Sine of 
ne Complement of the Latitude of any Parallel, 
at the fine of the Complement of the Latitude 
“Phich begins at that degree, muft be added to 
“ye Sine of the Complement of that Latitude 
‘hich terminates that degree, and the half of 


“Fis Sum muft be the firft term in the Rule of pro- 
“Sprtion, 
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EK ROM Py Er. 

Suppofe it be required ‘to find a Point in the 
Meridian ary fhall anfwer to the firft degree of 
Latitude, let the quantity of one degree in the E- 
quator contain 69 parts, ( which elfewhere I call 
Sexagenary mules } 

According to the firft proportion the Quanti- 
ty of a degree in the Meridian for the firft de- 


gree of Latitude, willbe equal to a degree off) 


the Equator, becanfe the Equator it felf is the: 
Parallel which begins that degree : but accord-- 
ing to the fecond proportion Ttake the Co- SiR 
of co®. oo’ of Latitude which is the Sine‘of 90 
60. viz. Yoocoo, (for the Contpient of 00%. 
tO 90°. 1890 degrees Jandla dit to the Sine oft 


the Complement of 1°. oo’ viz. tothe Sine off 


89°. 00', Which is 99985, the Sum is 1999854, 


and the } Sum is 90992 : mesa ab as > 99.992 is toa) 


160009, fo'is 66 the quantity of one e degree att 


the Eq ator to 60 <e eS} the quanti ty OE a degrees 


in the Meridian for the firft degree of Latitude: 


EG ASMP ECE 3 


Let it be required to find the length ofa degregd 


} 
inthe Meridian for ‘the L: ttitude of 64°. co! 


this Parallel of 60°. is bounded by the Paralle2] 


of 59>. on one Side, and by the Parallel of 61°% 


on the other Side. Then by He firft cf the pte! 


eding Proportions the Sine of the Complement 
ot 59°. oot, is 51503, therefore as 51503 1s te 
10co00, fo is Go td 116 7743" for the quantity 
of a degree i in the Lavinide of 60°; 00". « 
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But according to the fecond proportion, you 
muft look forthe Sine of the Complement of 
59°. which is 5153. and alfo for the Co-Sine . of 
61°, which is ‘48481. the Sum of thefe two 
Numbers is 99984. and the half Sum is 49992, 
therefore fay 
As 49992 is to 100000 fo is 60 to 120 be. 

the juft quantity of a degree in the Meridian for 
ve Latitude of 60°. 00%. 
And thus when you have found the quantity 
of a degree for the Parallel of 2°. 00’, you 
mitt add it to the quantity of a degree for the 
Parallel of 1°. on’ and the Sum fhall give the 
true point in the Meridian through which the 
Parallel of 2° from the Equator. Again: having 
found the quantity of adegreeforthe Parallel of 
39, oo add the fame tothe Sum of the quanti- 
ties of 1°. and:2°. andthis aggregate fhall fhew 
the termin the Meridian through which this: 
third degree of Latitude mutt pafs. 

By this you may eafily underftand how the Me- 
ridian line muftbe encreafed fer the Equator to- 
wards the Poles, only by help of a Tableof Na- 
tural Sines ; and how to performe the fame by ‘a 
Table of Natural Secants ( whichis the method 
wed by Mr: Wright) may be apprehended from 
this univerfal Theorem, viz. 
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Radius 15 a mean proportional between the Sine of ann 
Arch, and the Secant of the Complement: of the: 
fame Arch. 


FIG. 19, 


Wemonttr. the Triangles CFK, CDH are like) yi! 
or equiangular, becaufe of the two Parallel liness) pit! 
CK. DH ; and by Theor. 2. 3. Chap. 6. the angles) jit 
CFK is equal tothe angle DCH. therefore by 2. 6..) 1 
Euclid, as KF is ty CF. fo is CD to CH. but CD) i) 
is equal toCFthe Radius of the Circle, KF is the) 9: 


Sine of the Arch BF. and CHis the Secant of the: 


arch DF, the Complement of BF to a Quadrant,,) ta 
and therefore alternately, as HC. FC:: FC.FK..)! 


which was to be demonftrated. 


Hence it appears, that feeing the Semidiameterr!) s{ 
of each Parallel is made equal'to the Semidiame--} 
ter of the Equator, the Meridian at. each pointt/t y/ 
of Latitude muft needs encreafe by the fame pro-|) ». 
portion wherewith the Secants of the Arches: 


contained betweea the points of Latitude and the: 
Equator do encreafe. 

Thus both by the Table of Natural Sines, or 
Watural Secants, maythe divifions of the Meridie 
an line be expedited. For, firft find the Secant off 
1 degree of Latitude from the Equator, this 
fhall give you the Section in the Meridian 
through which the firft degree of Latitude 


muft be drawn ; then find the Secant of two de--)). 


grees, which being added to the Secant of 1 
degree, the Sum fhall be the Seftionon the Me- 
ridian, through which ‘the Parallel of 2 degrees 

Nab wise mult 


> * 
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muft pafs. Again, find the Secant of 3 degrees, 
this added to the Sum ofthe Secants of 1°. and 2°, 
the Aggregrate fhews the Section or point.of the 
Meridian through which the Parallel of 3 degiees 
of Latitude muft pafs. The fame you muft under- 
ftand of all the reft. 

But to render the Idea ofthis contrivance more 
perceptible, 1 fhall ufe the Author’s‘own Iluftra- 
tion which isas followeth, viz. If a Globe be 
with all it’s Mer dians and Parallels pofited ina 
Concave Cylinder,( their Axes mutually agree- 
ing ) be fuppofed to be blown like a Bladder till 
every part of the convex fuperficies of theGlobe 
touch every part of theconcave Cylinder, then 
fhall each Parallel upon the Globe attain an equal 
Diameter with’the Equator or Cylinder: and then 
fhall the Meridians upon the Globe, be every 
where fo far diftant each from other, ‘as they 
were at the Equator ; and by this contrivance 
will each part in this Concave Cylinder, mutually 
agree with it’s correfponding part in the Globe, 
without either fenfible or explicable Errour, 

For the Delineation of thefe Charts you muft 
proceed thus. By the continual addition of Se- 
cants, you have a Table of Meridional parts, the 
Secants beginning at the Equator or Parallel of 
00°. oo. and continuing fucceffively to the 
Poles, that isequally alike on both Sides of the 
Equator: one degree of Longitude, or of the 
Equator being taken for the Radius of that Cir- 
cle, whofe Secant fhew the points of divifion in 
the Meridian Line. 

The readieft method for drawing the Parallels 
of Latitude in thofe Charts is by help ofa line of 
Secants 
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Secants upon a Sector, for making one degree of 
Longitude in the Equator, ( which you may take 
of what length you pleatfe ) tue Radins of a Cir- 
cle, rectify the firft points of the Secants upon 
your Sector, to that diftance, fo fhall each degree 
upon your Sector give you the quantity of» each 
Conpee of Latitude in the Meridian line, as: | 
fhall farther explainin the ufe of this Chart. 
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The Conftrudtion of the True Sea-Chart, bythe 
Lab le of the Mertdional Parts. 


FIG. 60. 


Et it be required to make a Chart from the 
Latitude of 48° 00’ to the Latitude of 5 4° 
containing eight degrees of rar aaa: 

Draw the line AB, which divide into eight 
equal parts, fo fhall each part reprefent a De- 
gree oi Longitude: Upon A, draw AC perpen- 
dicular to AB; and from B, draw BD parallel to 
AC: alfo from each of the eight equal divifions 
in the line ca draw Parallel lines, as in the Fi- 
gure; fo fhall thefe lines reprefent Meridians.. 

To seater the Meridian AC or BD, find in 
the foregoing Table,the Meridional parts for 48° 
of Latitude, viz. 3291. | Alfo find the. refpond- 
ing parts of the Latitude of 49° co, wiz 3382. 
fubtraé the leffer of thofe two numbers from 
the greater, and the remainer will be o1. 

This done, you muft divide each of the eight 
equal parts in the line AB into ro other equal 
parts, fo fhall each of thefe {mall Divifions con» 
tain fix minutes. Laftly, from this Scale AB take 
or parts and-fetthe fame from’ 48 to 49 upon 

the Meridian line AC, and from 49 draw the 
Parallel from that Latitude. Again, from the 
Meridional parts anfwering to 50 ‘deg. ( the 
next degree of Latitude ) | vind 3474 take ‘the 
Meridional pasts for 49° of Latitude, viz. 3 382. 
the 
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the remainer is 92, which taken from the line 
AB, muit be applyed from 49 to so degrees, 
then draw the parallel of so degrees asin the 
Figure, and fo proceed till you come to 54 de- 
erees of Latitude. 

Laftly, That the diftance of places may be 
more readily found by this Chart, you muft draw 
the line EF, which is divided into 5 degrees 24 
minutes: each degree in this line being equal 
to two Degrees in the Line AB, and divi- 
ded into tenequal parts, as were the other. This 
line fo graduated is called the Auxiliary line, 
whofe ufe fhall be declared in its due place. 

Having thus far explained the Conftruction 
of fuch Geographical] Charts, ( both General 
and Particular, Circular, and Recttilinear } asare 
moft neceflary for underftanding the true Idea 
of Navigation, I proceed to their ufe ; omitting 
the Conftruction of thofe, whofe Lineaments de- 
pend uponSegments of Ellipfes, and Hyperbo- 
la’s, becaufe itis impofflible to underftand the na- 
ture of thefe lines without fome previous Ac- 
count of Gonic Sections. : 
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9 
the Night difcover the Eaft by it’s rifing; the 
Southand North, by it’s Culmination; and the 
Welt points of the Horizon by it’s fetting. 

The laf€. Star in the little Bear's tayle has. been 
for many Ages fo near the North pole of the 
World, that the Circle it defcribes about itis al- 
moft infenfible ; and therefore as Seamen ufed ir 
before the difcovery of the Magnet, the diffe- 
rence in being directed by this Star, or by the 
Pole it felf was inconfiderable. 

This was the practice of Seamen in the Infancy 
of Navigation, and when intervening Clouds did 


not deprive them of thefe helps, were the beft 


thal | 
guides they had to direétthem intheir Courfe:but 
in thick and cloudy weather, they were at a lof. 
not knowing which way to fleer, tillthe ufe 
the Magnet came tobe known: and then. the 
took leave of their old Friends, the Stars, havi 
no further occafion for their help. 

Alfo thofe who inhabited the Southern Tem- 
perate Zone, or any where between the Equator | 
and the South Pole, were totally deprived of } 
the Benefit of being directed by the Pole Star. 
becaufe there isno remarkable Star pofited> fo 
lear to the South Pole, as that of the little Bear. 
is to the North, 

But upon the Invention of the Compafs, they 
found a certain Di ectory both by day and night: iH 
this Compafs they divided into 32 equal parts, 1 
whofe Names ‘in thefe five feveral 
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By the Sea Compafs we learn to find the true 
Courfe between any two Places; a fecret~ not 
known till the difcovery of this ufeful Inftrument: 
for how could the Seamen of oid, - fluctuating 
upon the furface of the Sea, where they could 
fee nothing, wif Pontus & ther + . directa Ship 
between any two places, not knowing the Rhumb 
or Courfe from the one to the other? — The 
wdnt of which knowledge did much. retard the 
improvement. of Navigation in thofe times; 
And this ~was the reafon why the new world of 

America lay fo long undifcovered. 

The Sea Gompafs ( by which we find out the 
Courfe from one place to another) is nothing 
life than a Box having a Brats Pin in n the middle, 

ane which a round piece of {tiff Paper ( far- 
nifhed witha hollow Center, called the C: ip, and 
a piece of Steel or Iron Wyer ) always moves, 
This Wyer being commouly bent in formof a 
Rhombus, one of its: angles lying under the 

North point or Flower de luce, the other oppolite 
angle lying under the South Point thereof. This 
inftrument be Ing thus far prepared, they take 
the Chard or {tiff Paper, the-Wyer being firft 
faftened to it, and rub the acute angle of the 
Rhombus which lies under the Ne Point, upon 
rhe South Pole of the Magnet, and the oppotite 
acute angle of the Rombus which-lies under the 
South Point of the Chard, they rub upon the 
North Pole of the fame Magnet, and then the 
Chard being placed with its Cap upon the, Pin, 

does ( by-an shacceieniele property of the 


4 


Stone ) apply it felf toa true Meridian, or near 
to that Pofitton. The virtue of this Stone or 


Magnet 


r= ee . = 
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'Magnet is fuch, that if the Poles thereof be firft 


‘found, and the Magnet it felf be appended to 
iitring, fo, that it may move freely ( withou 
jany impediment ) it will nev eri ceafe to move, 
Htill its Poles ftand exactly Northor South. Atid 
this is the Conf{truction of that Inftrument called 
the Sea-Compafs, by whofe help we can dire& a 
(Ship through the untracd ihe gi of the Sea, 
| between any two afligned Place 

The Compafs thus pre pared and touched, does 
jin fome ees apply it felf toa true Meridian, 

}in other places, it does not fhew the true North 
jand South Points of the Horizon, but deviates 
ifrom them, andthis deviation is called the decli- 
sj nation thereof, or variation. 

Thus at the Azores, the Compafs had no vari 
jation, but in feveral laces which le under that 
) Meridian, there has been found a variation. In 

places diftant from tie Azores Eaftward, almoft 
}to the Cape of Good-Hope, the Compafs de- 

clines from the North Eaft ‘ward, and. the Decti- 
nation thereof is near equal, in allplaces between 
tne Azores and Cape abese it continues to 
decline more and more till you come about 7c 
degrees further es the Meridian of Triftan, 
ynere the Declination is about 13°. fromthen ce 
jit decreafeth till you come to the Meridian of 

Agullas : 
Nor has cne and the fame City 0 fame De- 
clination at all times, for here at Lone 1072 1580 the 
Dec ination was 11°, at and inthe Year 1 
at the fame place it was found to be 6°. 13’. in 
u € year 1634, it was 4 06’. The Reafon of 
which Phenomenon may be this. The Globe of 
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Earth and Sea is of an unequal Temper, confift- 
ing more of Water than of Earth in fome places,, 
and of Earth more or lefs Magnetical in others | 
therefore it muft needs be here and there led a: 
fide towards the Eaft and Weft. 

And becaufe the Compafs is liable. to a variatii 
on from the true North and South Points of the 
Horizon ; and having a variation, is thereuporr 
unfit to direct a Ship in her true @ ourfe, at Sea 
we will here fhew the way how to find the quanti 
ty of the variation of the Compafs. 


To find the variation of the Compas. 


He variation of the Compafs is ufually foun 

by the Sun’s Amplitude at: his Rifing 09). 
Setting, but this way is attended with two incon) 
desma 

The Latitude of the Ship mmuft be exactll 
end at the time of Sun Rifing or Setting: which! 
is fomewhat too difficult for our ordinary Seail 
men, unlefs they be well grounded in the foluti 
on of Spherical Triangles. 


2. That the refraction of the Sun makee) Wor! 


him appear to be in the Horizon, when h 


is really about 34 minutes below it. Therefor, |i 
1 fhall fubftitute another way to Bee bite 


the fame, which 1s lefs Sein nd mori 
certain: in order to which obferve thefe followyy 


ing Rules. 


eS 
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1. Obferve the Sun’s Altitude, and point of 
the Compafs he is upon at that moment of time, 
viz. about 7, 8, or 9 a Clock in the mor 
ing 
2. Obferve the point of the Compafs the Sun 
is upon, when he has the fame Altitude in the Af- 
ternoon, as he had in the morning , which 
will happen about 3, 4 or 5 a Clock inthe Af- 
ternoon, and from thefe two obfervations may 
the variation be found. 

For if thefe points of the Compafs be equally 
diftant from the North or South points of the 
Compafs, thenthere is no variation. 

But if the point in the Forenoon, be further 
diftant from the Meridian line of the Compafs, 
than the point in the Afternoon, then is the va- 
riation wefterly. 

Lajtly, If the point in the Forenoon be lef di- 
{tant,from the Meridian line of the Compafs, than 
the point in the Afternoon, then is the va- 
tiation Eaftward. 

The quantity of the varia 


ei 
4 


» o 


C ic 
take the intercepted Arches between the North | 
point of the Compafs, and thefe two points, the 
onc in the Forenoon, and t rin the Af 


‘5 “+ 1c L a S| 
tion is thus found, 
[ 


lL, 4-1 tT . 4 4° 
he other in the Aifter- 


C my [7 J ‘eee war a r a4 as Oe 0s er > 
noon found by Obfervation, the lefler of thei 
‘ ska | Pie ae 1, en ye eee L a 
two Arches being jubtracted from the ¢reat- 
ya ~ _“ 4 - QW 
€1 : 
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[0 find what angle each point of the Compafs makés 
with the Mertdsan. 


Ivide 360°.the number of Degrees in the cir- 
cumference of any Circle by 32 the number 


of Points inthe Compafs,the Quotient is 11°. ,§ or 
« which is 119, 1§'. and from hence was this 


following Table computed, which fhews how ma- 
ny Deg. ‘and Minutes anfwer to r. or or X pornt 


of the ‘Compal, 
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Of the Natureef Rhowib-Lines. 


When the Ship Sails upomthe Meridian, of 
uron ay Parallel) itis nothing difficult to de-. 
termine her way. But when the Ship Sails upomi 
any other point of the Compafs, this, difficulty) 1s: 
greater than every man imagins , becaufe fhe al~- 
ters both her Latitude and. d.onginide. )/t hiss 
Difficulty is fo much thegreater, by how mucha 
the Voyage lis more diftant from the AEquinoctiall 
towards cither Pole; and by how much, thes 
Rhumnb.or, point. of the Compatsshe, Sails ypen, |1ss 
more remote-from the—Meridian, 

For near the Equinodtial, “where the Meriflianss| 

are almoft parallel ; and imthofe Rhumbs which 
are near the Meridian, where the Longitude iss 
bit little alter’ds ‘the Errour is infentible. * 
Jn Sailing upon anyof thefe, Oblique _Rhpmbss 
the Ship is fo directed by «the Compafs,} andi 
euided by the Helme,:that the line fhe Sailg up-4 
on doesevery where keep the-fame Angle: with 
the “Meridian according to the diftance of thatt 
Rhumb from the North or South line. And becaule 
the Compafs is as it were a moveable Horizomy 
and the-lines of direction therenpon are /thes in- 


{ 


rerfections of Azimuths withthe fame Horizons 
tal plain, dividing it into fo many parts whicthi 
are called Rhumbs : it comes to pafs.that in fucl 

Oblique Sailing towards the elevated Pole, theg 
place whereunto the the Compafs leads—is—eversy 
more between the Patallel cf that Place where 
yon are, and the Poles Wherefore the line o 

the Ship’s Oblique Courfe is‘an Helix or Spiraal 
M linee| 


oe ~ 2 
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line, approaching neater and nearer to.the Pole, 
but never falling into it. “Thus inFig. §9. Jet Pre- 
prefent but thePole of the World,and allthe Con- 
centric Circles to be parallels of ‘Latitude defcri- 
bed at equal diftance one from the other, and let 
the ftreight, lines PAC, PEB. PID. POF. PVG cut- 
ting thefe Parallels inthe, points C,’B.D. F.G.H 

be Meridians: and-tlet all the Segments CA. iE 
DI. OF. VG be eqtial in length, “tho? the Angles 
CPA. BPD, ec. beunequal. ‘Then let us fup- 

pofe the S] hip to Sil. diredtly NE. fhe fhall there- 
by defcribe the arching line. CBDFGH. this line 
does continually approach nearer and nearer to 
the Pole, but can never fall intothe Pole, becaufe 


pit {till keepe th the fame diftance upon the Com- 


ar tated 


— 


pafs between the Meridian and the Parallel in 
which it-is, and maketh with the Meridian, an 
angle of 45°. 
hele ‘als _( as the learned Dr. Oyghtred 
Thele Spirals (as the | ed’ Dr. Ozg! 


| tells you), ought to confift of the moff mintte 


yea indivifible parts,for if they ‘be any whit great, 
the account of the Sh ‘ip’ s motion will be confound- 
ed; and carry’d down from the trie pl: ce. whi- 
ther the Ship is gone, towards the, Equino¢tial : 
neither can you return by the. Rhwmb you = came. 


| For imagine in Fig.-59. two Meridians PAC. 


, e C £ 
) PBK: andthat ABand CK are like ‘Sepments of 


| two Parallels: fo ABCK fhall be’a’‘kind cf a 


: 


q 
i] wpadvangee in “which 
2 
Ds 


4 right- angie GS yne TC; A 5 5) 
) letthere be drawn the D iagonal Cl soph which 
the Ship is fuppofed to have moved from C to B. 


the angle 


\ 
ity may ea ily be demonitrated th 


) PBL is greater than the angle AGB. t this fheweth 
D1 


lf 


that-you are fallen from your Into ano 


che 
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Ther point,, and had need to bear. up the Ship a- 
gain into the Rhumb BD, making with the Me- 
ridian an apglé PBD' equal to, that other ACB. 


Again, the Diagonal arch CB, cutteth the ,Qua- 
drangle into, two “Triangles amequal one, to the 
ether : tor tho’ in boththe fides AC. BK. be. e- 
qual, and the fide GB be common to them ‘both, 
yet the Bafes A Band CK, and likewife their 
angles are unequal, yea tho: the diftance of the 
Parallels be but one Scruple,of a Degree. And 
the lef$ you take the, diftance of thefe Parallels 
that inéquality will alfo be the lefS. So that if by 
any artifice It may be brou cht about that the Arch 
AC benot one Minute of a degree, which “upon 
the Snrface of theEarth isa. 159. Englifh mile. 
but the 1cddo0rh. part thereof which is lefs than 
one Inch; there may be Tables calculated, to the 
Radius of 10000020 which . fhall’. reduce,” thefe 
finall Spherical Triangles into right angled Sphe- 
rical Triangles, whereby the Spiral line of the 
_Ship’s. Courfe may be recall’d_ to precife exact- 
nefs. 3 
"Thus having given you a-tranfient account of 
the CompafS, it’s variation, and the nature ol 
Oblique Khamb-lines, | proceed to’ feveral ufe- 
ful. Geographical Propofitions before Penter, up--) 
on the ufe.of the Chatts, or the Art of Naviga- 
t10n. 


The Art of. Navigation. 


- i EE ———Ee ng a nr a ~ 


Wo ee ee er 
‘ 


Ta Sea Us taal 


Foocind the d iftance ‘of Plates? “wBen 
they le under the’ (aime Meridian, or 
iz -the Jame Paralled. | 


7 


PROB. 1. Fig. 58 


CK 


| © find the Semidiameter of any Parallel, 
eitherum Sexagenary or Englifh Miles. 

Seeing that: every degree is ufually divided in- 

,) CO 60 equal parts, commonly called Miles, thefe 
“ Miles we'may’ call Sexagénary “Miles: ' each’ of 
| which exceeds'an Englith Mile, as Inoted Weforeé: 

| therefore-the: Semidiamete? of the Equinddial 

being 60°. multiply that by. So the Sexapenary 

Miles in acdegree, the produ 3600 fliall be the 

Semidiameter of the Eqiiator in Sexagenary 
Miles. , 4 
Barth you defire the: Semidiameter © of ’’the 4 
Equator iv! Englifly mites, then becaufe 69. “548 | 
Engliflymakea: depree, ‘therefore multiply “69. 
545 by 60,the Product 4172.88 fhews the Eeglith 
miles contained in che Semidiameéter 6f the E- 
quator, which being known if it- be required! to 

| is(M “ig | find 
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find the Semidiametar of any other Parallel,,as 
of 30degrees in Sexagenary miles, fay, 

As Radius EC fine of 90°. 03'——-—- 10000000 
Is to Semidiameter ASC 3600 ———- —- 3§§0393 
So is the Co-Sine of 30°. co — 9937530 


——— 


tothe numb.of Sexa.milesin that Pa.31 28. 3493833 


wee 


Bee es 


Again'to find the fame in Englifh mites, 
As-Radius- EG. Sine of go?..00' --.+—100000030 
Isto Semi. of the Equa, AG 4172. 88 ~3620427 
Sois the Co-Sine of 39°.00' viz. AD —993753° 
tothe num.of Eng.miles.in that Pa.3613 03557957 


qenen ad — 


PROB. 2. Fig. 58. 


To find bawimany Miles-( both Sexagenary and En- 
glifh) make a.degret Oj deongitude in anny Parallel. 


Jn,the Latitude .of go? co'b demand how 
many. Sexagenary, andalfo,|Englifh: Males, make 
a degree, of; Longitude, then becaule; 6> Sexage- 
nary, miles,make,a, degrec.ofi; Longitude. at. the 
Equator, and, alo So:is4% Englith miles make; ‘a 
degree, of ,Longitade at the fame, therefore fay: 
for SeXagenary miles. 

 Asithe Radius Sine of 999; 00 Aire 1 0GQ@0000 
Js. to one deg, atthe Eq. vit C.6o mulesi77S1 55 
So-4s the Go-Sins of-the gi. basAD. 30,0079937539 


cathe nan. of miles; jina@deg: of jehat:Jacp 568% 
Parallel, aix. AD $%..96 rob fe 


od 0 find the fame in Englifh miles. 


Assi} 


Sees — 
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As Radius Sin@of 90°.00' viz. AC, 1codoCde 
Is to 69.548 milesan xi Equator EC 1841609 
So is Co-Sine of the°gi.La. AD iti o0'- 993753° 


to tHe/num.of En. amiles required 60,abb-a! 4799139 


eee oe 


PROB. 3. Fig. 58. 


To find the diftasee of Places pofited under the Same 
Meri dt: All 


Two Places cannot ‘befurther diftant than 
180°. or 10800 Sexagenary miles— or laftly 
rzy78! 64 Enelifh miles.: 3 


G ASB. div 


_ If the two Places be pofited in the fame Quadrant 
of the st Meridian. 


Subtract the cat itive of ‘the deflér, . fromthe 
Latitude of the srédter.the remainer? fhallbe the 
difference of Latitude’ in Desrecs ‘and, minutes, 
which reduced into Miles gives the diftance re- 

quired— Exam. 

Let there be two Places, the one at H, the o- 
ther at i bothin the fame Ouadr antiof the fame’ 
Meridian, that at H4n the Latitude of 40°. oo 
e. and the otheratl in the Latitude of 50°. 

. both ufider “the *famnecMeridian ANP. Roe. 
fre om 


M 4 fal 


rn 
5 


1 oer ST Oe pare 


63 


=e 


as 
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Subtract. AEH: 40.00 60! 


eel 


Remains. HI—-fo. co... -» 600 Sexagenary. miles, 


69. 548 
10 
: : cabin 695.480 Eng.miles. 


"Go AsS Bie 


If the two Places propounded be sudiferent. Quaarants 
of the fame Meridian, viz. the one in North 
she other in Sonth Latitude, to find their diftance 
Afunder. 


Let the onedye:im 40°. oo, North Latitude, the 
other in30°.SouthLatitude add thefe two numbers 
together, and. theirSum-fhall, be .theodifference |} 1h; 
of Latitudeor neareft.;.diftance -in, degregs;,and |) a 


minutes, which reduce,as-afore..| o oono1st 

It gonehid 14 otni boouber doid 
39 mney ac § 

shytitc jody pO gs ted? oostbitl 


: is [ Tort ? iid j 3 
( distance an Sexagen.¢29emmiles; 


Y 
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Sicko Fil. 
If the two places lyeunderthe fame Meridi- 
an, the; firft on this fide the Pole; the fecond. on 
the other fide thereof, the fumi of the’ Corhple- 
ment of _ thefe two L: atitudes fhalt be their diffe- 
rence of Latitude, 6r'neareft diftance Tt» dderee 
and nunnte, : iV ISNOSS 


EXAMPL!I 


Let one Place lye<at K on thisfide the Pole in 
the North Latitude of 59°. 40’. and let the o- 
ther Place be I on the other fide of the’Pole, iz. 
in the North Latitude of 829. oo! I demandtheir 
diftance they being both under one “Mefidian. 
The Complement of QL 82°. 00/18 NPL 8°. 
oo',the Complement of AK 59°. 40’ isKNP 309, 
| 20’. thefe two Complements’ added tozeth er 
make 38°. 207. for KL asthe reareft  _dift- 
1) “ance in degrees and’ ‘Ininutes.\' hte i h' 


al WE ey . i 


If two places both under one Meridian 
be pofited in different Quadrants of the fame 
Meridian, thefe ©uadrants not being contiguous, 

«| “fabtraét the leffer Latitude from the greater, and 


tha 


we . . 
ats | aaa Pe ek ee 
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that remainer from a Semicircle, fo fhall you 
have their neareft diftance required. 


EXAMPLE. 


; i “aR 
> 
es . a t 
& 
~ « 


ed 


Let, one place be, Kin the North Latitude’ of 
39°» 40) the other, be» M.in ) the South Latitude 
of 30°. oo’. to find their nearelt diftance in Sex- 


agenary miles. ‘ 
59°. 40°  diftance in D. M. 156% 20! 


Py ouerar = oT ST ET rc oF 
—_— . , 


60 


30. 00 
29, 40 diftance in Sexag. miles..9020 
. SY genannten 
1807.60 | 
1§0., 20 


PROB. 4. Fig. 58. 


if two Places lye under the Equator, and. the 

Longitudes of thefe two Places be known, the 

Ai difference of Longitude between them is their 
a neareft diftance in degrees and minutes ; but if 
this difterence of Longitude exceed 180°. 00". 
Subtractit from 360°. 0d” and the remainet fhall 


hethe diftance required in degrees and mi- 


Mutes. 


“BRO B..| 
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PROB, 5. Fig. 58. 


Having the. difference of Longitude betweentwo Places 
lying both in one Paralle 1, to fi ina their neareft 
afta C0€ 17 Se. MAS gt? “Ary ae 


By Prob. 2. of*this .Chap. find’ the number 
| of milesin the Equator which make a degree of 
| Longitude in that Paxailél:. then multiply, , the 

difference of Longitude between thefe two Places 
by the Eq satorial miles in that Parallel, the pro- 
dué fhallbe themeareft diflarice required , 


EXAMPLE. 


t the two places be both in the Parallel of 5 
ett siediv “aie Longitude be 12°. then by 
ened m2. of this Chap. it appears that 38: 
uatorical or Sexagenary ‘milés make a des 
Longitude in that Latitude, therefore 

38. 57 


T2 


= 


2) Th 
385° 


Diftance required 46%). 84 in Sexagenary miles, 


Re eee 


The diftance “of any two plies not ofited’ as 
uvthefe Examples, fhall'be difcourfed of at large 
inthe enfuing Chapter 


CHAP. 


iy Ge Hi ASP. 2 XE. 
The ie oa ibe Plain Sea Chart. 


t 


BRO, Phi 6 iB, 33) 


The Latitude and Lontithdé of be Places given, to 
fina their bearing and diftance. 


j Ed) one- place be Attnothe Latitude of» 482. 
00" N%.and:Lengitude of 20°. oo’ det the 
ager plage, be/ Bam the North batitude of » 5 0°, 
oo’ and Longitude, of Be: 00% ° 
Dra\ Ww — “line AB,- whieh fhall reprefent their 
neareit iftance ; then iat the line AF meafure 

2 aittan e AB, "and you will "find it to reach to 
p. fo thall AD 2°. 48’. or 56 Leagues be the 
meafure of AB, the diftance.require ed. 

Alfo the line AB cuts.the Quadrant in 4,which 
fhews. that. zhe-Courfe from Ato Bois «points 
from the North towards the Eaft, that is NE. 

NoteAG,-is called. the diffvof. Latitudes and 
GB, the diference.of Longitude between thefe two 


>) me 
Places. 


PRO, 
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PROP. 2. Fig. 33.. 


The Courfe andDiftance, between two’ Places, 
a the Latitude and Fongitade of one of them 

given to find the Latitude and Longitude. of the 
ther place. 

Let one place be‘A inthe No] itade of 4 
oo ‘and Longitude of 20°. od’ and ‘let the C tise 
given be NE, thed liftance of the two places Up- 

6n the Cotirfe 'be’3®. 48' of, 56 Leagues” 

Draw the NE line AB, and from theline AF 
take 2°. 48°, viz. AD, which fet from! to’ B, 
then from B draw the line CB, ‘parallel to AF, fo 
fhall’B. be-the fecond place required, which by 

the Chart is found to’ liein the N° Latitude of 
50°. oo. and Longitude ‘of 22°. co" 


PRO PoogeieFigr 23 


ja ih 


Ha sag ‘the ‘Latitide aid Longitude of oné Place, 


with the Laritnde and be aring “of another Place, to 
hid the L ongitude and a q Rance of this fecond Place: 


Let‘one place be A a3 the No,’ Latitude of 48>. 
and Longitude of 20°, 60’ let the other ‘placerlie 
in the Ne. Latitude oft "382: oo. the-Courfe be- 


tween thefe two being NE. 
From Ca point in the North Latithde of << bg 
oo'. ‘draw CB, parallel to AF, then from'A dr: 
the NE line A 4, B, to cut the ‘Parallel of 0" 2 
oo’ in B, So fhall'B be the fecond “place requi- 
red’; whofe diftance meafitred as tn*'Pt QP. of 
rs‘Ghap.“is 29.48" or 56 Beéagres. ‘arid whofe 


fa 
a 
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Longitude (by the Chart) appears to be 
42°. 00% 

By this Prop. we may eafily ficd how many 
miles or leagues.a Ship, muftSail. vponany point of 
the Compafs to raife ox deprefs the. Pole. one De- 

ree. hadly ah 

Thus let AE reprefent one Degree of Latitude 
from .A,,.through each, point, in the. Quarter of 
the Compa{s draw lines, to cut the parallel of the 
Latitude FH, as Ar.A2,A3. Ag, Ge. .which 
fhall be the.refpective diftances upon each point, 
for raifing the, Pole one Degree, andif AE be- 
69. miles,A 1 fhallbe 64 miles, A2. 65 miles, 
Acs. 2 miles, Act. 85. miles. As, 108 miles, 
A6::157 miles,. A.7..337,,miles, and laftly, in 
Sayling Ealt.or Weft. ¢ which js the eight, pomt ) 
you neither_can raife nor, deprefs the Pole,becaufe 
youalways keep of an equal diftance from it. 


The Longitude of two placess..the Latitude. of one of 


them, andthe Courfe givens to find, their difi ances ;\ 


andthe Latitude of the other place. 


Let one, place lie at A in.the, No. Latitude of} 


ay 
in. the.Longitude of, 22°.,the.Courfe between 
them being NE. 

From.G.a point inthe Longitude.of 22°..draw 


13°. ‘oo’ and Longitude, of 29%. 09%... the other | 


the dine. GB parallel to /Al,.then:from..A draw'} 


the NE line. A 4B to cut the patallel line Gb miff 
B.. Laftly,from Bidraw BG parallel.to. AF, 100] 


‘hall the-Chart. fhew, that the, place B lyes in, the.) 


‘= 


No. ‘Latitude .of 50°..90% and AB applyed , tor} 
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AE. will reach’ from A: to: D. hence it is evi- 
dent that ‘the’ diftance Betercea! Avan B is’ 56 
Leagues. 


PROP. yy Fig. 33 


The Latitude of any to places ana their diftance given, 
with the L253 git Hy ‘de of one of them, to find the Lon- 
gitude of the » other, ahd ° the Corfe. from. the. one 
to the other. 


Letione place be A in the Ne. Latitude of 48° 
oo‘ and Longitude of 20°. let the other place 
Jie in the Ne, “hatitude .of 50°. ‘oo’. the diftance 
between them being 56 Leagues. 

Out. of the line AF take the diftance given, 
viz. AD “56 leagues, or 2°.° 48" then from A 
with the diftance AD’ crofs the Parallelof »50°. 
oc’. in B.  Laftly, draw the line AB, fo hall: it 
appear from thé Chart that the place’ B lies*in 
the Longitude’ of 22°) oo’: and that:the Courfe 
from Ato B is 4 poirits from the North Eaftward, 
that is NE. 


PROP. 6, Fig. 33. 


The Longitude of any two places, the ‘Latitude af One 
of them, and their diftance given to find athe Latitude 
of the behes place! and thé Courfe between them. 


Let one place be: A.in the Ne. Latitude of 48>. 
oo” and Longitude of 20°. 00') and let thie: O 
ther ‘place lie in’ the» Longitude of 22. te the 
diftance between the two places being 56 leagucs 
Llpon 
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‘Upon Goa a imthéL — ef 122°. "D0", 
draw GB para llebto Al, then from jthe.line. AF 
take 2°. 48°. or 56 leagues, viz. AD, with which 
fetting one foot in A, crofs the line GB in B, and 
draw AB. .Laftly;| through’ B,;draw BC paral- 
lel, to vi fo fhall B bethe fecond place requi- 
red, whofe. Latitude is go? and from..the Qua- 
drant defcribed:upon A, Ut jis evident, that the 
Gourfefrom A to Bis “NE. 


PCO Tr. #: Fig. 33. 
‘bb bork a Tria by tle! Plaia Charts 


A Shit feat the Ne. Sasiinde of {Ons oo".and 
Longitude of 209;s09 afayls' NNE!26,.Ilcagues, 
NE 30 ledgucs»North:2 21 leagues, Eaft 24. leagues, 
SE: 26 lea agnes? SSW- 22) leagues, ENE? 25 “lea- 
gues;NEi a7 Jéagues; and NNW 32‘ leagues, being 
bouaddo 4Port lying} imthe No. ‘Latitude.of 56’. 
and! Kongituderof)2/3°.2:00%) Idemand hen -la- 
titude and longitn de, Gourfe. ard. diftance ran 
upon..a! ftrait line; and} her bearing and diffanee 
from the Port. 

Lay a Ruler upon A, and the NNEline, and 
from C by .the fide thereof, draw the line C 
parallel to it, then from AF take 26 Icagues 
which fet from G tol, :that. done, aya Ruter 
upom. Avand the oN, and, from We.draw iv 
paralleh:thereto, .upon wh ich.fet.: oleagues from 
v to 4 alfo from % ( becaufe the next Courle 
is NortinDs drawl af: a, ‘pardliel to Al, vanid fet 
22 leaguesitrom-cs toc Ho then: ofrem!a. draw 
to Ady p, beca fe they iC ourfe; 1S Esft) 


- 1s he | 
if = NAAQS | Ot 
ae a JALAL 2s 


3 
anebiet caleagnes from Tt tO, themdayp adkuler 


ey 


upon 
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upon Iand theSE point of the Compafs, and from 
% draw aline parallel to the fide thereofas @ Q, 
jzpon which line fet 26 leagues form & tog,t then 
lay a Ruler on E and the SSW point, and from 
S. draw the SSW line 9 ™® parallel to the fide 
thereof, and fet 23 leagues from to m, that 
done, lay a Ruler upon A and the ENE point, 
and from ™ draw the ENE lie m & upon which 
fet 25 leagues from m=, alfo lay a Ruler on A 
and the NE point, and from = draw =m paral- 
lel to the fide th ercof, upon which fet 27 leagues 
from * to Ml. Laftly, lay a Ruler on Fandon 
NNW point, and from ™ dra He m 7 parallel 
to the fide thereof for a 4 NN W ling, and 
fet 32 leaguesfrom m 7 : have you finifhed 
all the Courfes of the er fe 
To find the Ships Latitude, Longitude Courfe 
and Diftance runupon a ftraight line, do thus. 
Draw the line C 7, and from ? draw 7X 
| parallel to AF, f* parallel toFE, fo fhall the 
_ Chart fhew you that the Ship is in the N». latit. 
of 54°. 24’. and longitude 24°. as Alfo from 
C with the Radius AK ftrike the Arch LM, 
}which applied to the Quadrant F N will reach 
}from K to R, hence itis ev ident that the Courfe 
ifrom Cto 7 is NE 2°, ov’ Eaitn fk and the 
diftance C ¢ meafured upon the line "EF or Al, 
will reach from F toO, viz. 6°. 24'. OF 128 


—~ bude 


To find the Courfe and diftance between the 
Ship and Port, draw the line 7 P, becaufe the 
Port lies at Ww from 7 with the diftance AK 
iftrike the Arch PQ, which meafured upon 
ithe Quadrant KN will reachfrom K to R almoft ; 
eN hence 
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hence the Courfe from 7 to Wis NW 1°. 47’. 
Welt, and 7 ws their diftance, which meatu- 


red upon the line EF gives 2°, 19,” Of 40 te 
leagues. 


a ee en RS A Se 


eae core 
Of £ lati? S@Autuc. 


SH E bufinefs of plain Sailing confifts in the 
Logarithmical folution of fuch Triangles 

as are drawn upon the plain Chart. Whatthe plain 
Chart isI have formerly declared, as alfo upon 
what Fistutheli it is grounded; there remains: 
nothing more to be done, but only to fhew the:| 
Logarithmical folution of thefe Nautical Tri- 
angles, which are ufually divided into 6 follow- 
ing Cafes. 

Before I undertake the folution of the fix fol--ff. 
lowing Cafes, it will not be amifs to premife:| 


cc 


thefe gener aii Rules 


Pet Sa, 


yr} aie ‘ ‘V.-7 1 t 
The Sytp in North Latitude. 


a 


1. If the Courfe be Northward, the raifeth on} 
elevateth the Pole, and therefore the diff. Latit. 
( redu-j 
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¢ reduced into Degrees and Minutes .) muft be 
added to the Latitude, from whence the Ship 
came; and that fum fhall be the Ship’s true La- 
titude North 

2, If the Courfe be Southward fhe deprefleth 
the Pole, or decreafeth her Latitude, and then 
the diff. Latitude in Deg. and Min. muft be fub- 
tracted from the Latitude fhe departed , and the 
Remainer fhall be the Ship’s Latitude North 

3. If the Courfe be Southward, and the diff. 
of Latitude reduced into Degrees and Minutes 
exceed the Latitude fhe came from;  fubtract 
the faid Latitude from this reduced difference of 
Latitude, and the remainer fhall be the Ship’s 
Latitude South : and confequently the Ship hath 
croft the EquinoCctial. | 


art: Ba mn 
The Ship jn South Latitude. 


If the Courfe be Southward, the Ship rai- 
feth the Pole, or encreafeth her Latitude ; and 
then the diff. Latit. reduced into D, M. mutt 
be added to the Latitude from whence the Ship 
departed, and the fum fhall be the Ship’s Latitude 
south. 

>. If the Courfe be Northward, fhe decreafeth 
her Latitude;and therefore the difference of Lati- 
tude reduced into D. M. muft be fubtracted from 
the Latitude fhe departed,and the remainer halk 

be the Ship’s latitude South. 
NI > git 


| he 
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. If the Courfe be Novelveardl and the diff...) 
latitude reduced into D. M. exce eded the latitude 
fhe came from, fubtract this faid latitude from 
the reduced diff. of latitude,and the rematiner fhafl 
be the fhip’s latitude Noe. and confequently 
fhe hath croft the Equinodtial. 


Pe ae ee 


2, 


ew 2 J i Aa t tne J s* - ae 1 DAF : &, i 
Hav ing the - 1 af ititae of any £TVO J LACES CY OCK } LO final 


the difference of Latituae. 
SEP ihe -29 laces Le both in the Nort] : 
r, 'f the two places 1€ DOtN in the North, o1 
uth katitude, fubtract the lefler lati-. 

2 e s] * 
ude he oe the remainer fhall bez}! 
the Difference of latitude in Degrees and Mi- 


2. If one place lie in North latitude, and the 
£ 14 

other in South latitu de, add the pe ‘fatitudés 
together, and the fum thal il be the diff. latitude: 
im Dee " and Min. 

The} Reduction of degrees and minutes into) 
mms ies ( or lag te both Sexagenary and Eng-4 
lifh, was fully exprefled in Chap. ro. 


Rh Bo a 


To find whether you muft Sail Nor tha ard or South=Aiilary 
ward, between any two places whofe Latitudes arc 
known. 


Tf ara {44 Cry « rreater T > - 
1. If you fail froma greater No, latit. to. cajiuys, 
” rae 28 ST iy Ooh oo oe 7 6 , 
the Courfe is Southward - but if from ar, 
Jeffler No. latitude to a greater, the Courfe 19 


tT vw My x reat 47 
ESOPTi " Ab Abe 25 Ii! 


9 

“a C 

lefler South latitudetoa greater, the Courfe 
i} Southw ard, 


3. If you fail from 1 a No. latitude to a South 
latitude, the Courfe is South ward: but if from a 
South latitude to a Nor th] latitude, the Courtfe 


is Northward. 


RULE <¢. 


To find the Ships Longitude. 

If the Courfe be Eaftward, the longitude 

Be cafech, and therefore the diff. longitude re- 

.} duced into D. M. muft be added to the ‘longitude 

\from which the fhip departed, and the fam fhall 

be the fhips prefent longitude: But if the Courfe 

be Weftward fhe decreafeth her longitude ; and 

,) therefore the diff. of longitude reduced:into D.M. 

smuit be fubtracted from the longitude fhe depart- 

ed, andthe remainer fhall be the fhips prefent 
i oe. 

If the Courfe be Eaftward and the fum of 
the fhips longitude and reduced diff. longitude 
exceed 360°, fubtract 36c°. from this fum,and the 
tremainer fhall be the fhip’s true Longitude, and 

Jeonfequently the fhip hath croft the Firft Me- 
pean. 

If the Courfe be Weftward, and the diff. 
Moccit. reduced into D. M. exceed the longitude 
fhe came from, fubtraé this faid longitude from 
ithis reduced diff. longit. and the remainer fub- 

Jtracted from 360°. fhall give the fhip’s prefent 
" @ongitude. N 3 RULE 
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If you fail from a greater South latitude to 
: a r. the Courfe is Nivehierard - but if from a 
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tea eae 


Having the Longituae of any tWo Places given re 
find the diff. Long itude between them. 


Subtract the leffer from the greater Longitude, 
and the remainer ( being lefs ‘than 180°. ) fhall| 
be the diff. longitude required. But if this re-. 
mainer exeeed 180°, fubtra& itfrom 360°. and: 
the remainer fhall be thetrue diff. longitu ide ini 
Deg. and Minutes. 


RULE -. 


To find whether you muft Sail Eaftward or Weff—) 
ward, between any two places, whofe Longewan arecy 
knowin. 


. If you Sail from a Leder longitude to a 
oxtaenel the Conrfe is Eaftward , but if from a 
greater ‘to a leffer, the Goris is Weftward. 

. If you crofs the firft Meridian, and fail fromm) 
a greater longitude to a leffer, the Courfe is Eaft-| 
ward : ; and if ( crofling the firft Merid ian ) you 
fail from a lefler to a greater longitude, the 
Courfe 1s Weftward. 


ANNOTATION 


Our Modern Geographers do many timesy 
place the firft. Meridian over the Metropoliss?’ 


=> 


of. that Country wherein they were born; ano 
thereby' do diftinguith the longitudes of place it 
ba intcoyl 


L eanneneneents 
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into Eaft and Weft longitude, accounting all 
thofe places which lie to the Eaftward of this 
Metropolitan Meridian to liein Eaft longitude : 
and all | _thofe pla Aces which lie to the Weftward 
thereof, to lie in Weft longitude. 

Hence it is evident that the Longitude of 
places thus diftinguifhed, cannot exceed 18 
Degrees ‘ 

Rc i...,8. 
The Ship m Eajft Longitude. 


1. If the Courfe be Eaftward, fhe encreafeth 
her longitude, and therefore the " different longi- 
tude reduced into Deg.and Min.muft be added to 
the long situ de fhe came from, and the fum fhall 
be the Ship’s longing e Eaft: but if this fum 
exceed 180 Degre , fubtraét it from 3602 
and the remainet Thal "be the Ship’s longitude 
Welt. 

2. If the Courfe be Weftward, fhe de Crag eth 
her longitude, and therefore the diff. lo 
reduced into Degrees and Minutes, His 

acted from the longitude fhe « dey arte 


be | ge J: : teat Aes 
Ten ainet ing h pe tne Ship? > longit LULA 


O 
= we} 
éfe 
—e 
“gee ee 
— 
—_ 
_ 
> 
¥ 


C1 
the 


3. If the Courfe be Weftward, and the diff | 
longitude reduced into D. PA. exceeds. the lon e 
gitude Fe came from, fubtract the i d longitude } 


from the reduced diff F. longitude, and the remain 
a: 

er thal be the Ship’s lon igitude Welt; and con- 

fequently the Ship hath. croft the firft. Meridian 


N 4. RULE 
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RU L.E -«. 
The Ship in Welk Latitude 
NC hip 17 Vy e waljtuae. 


. If the Courfe be Weftward, the longitude 
pied and therfore the diff. longit. “redu- 
ced into D. M. muft be added to the ‘longitude 
fhe came from ; and the fum being lefs than 1800. 
fhall be the Ship's longit. Weft. But if this fum 
exceed 180°. fubtract it from 360°. and the re- 
mainer fhall be the Ship’s longitude Eatt. 

2. If the Courfe be Eaftward, the longitude 

decreafeth, and therefore the diff. longit. redu- 
ced into D. M. muft be fubtracéted from the lon- 
gitude fhedeparted, and the remainer fhall be 
the Ships longitude Weft. 
"3, if the Courfe Le Eaftward, and the diff. 
longit. reduced in M. exceed the longitude 
fhe came from, fabtrad the faid longitude from 
this teduced diff. longit. and the remainer fhall 
be the Ship's longitude Eaft, and confequently 
the Ship hath croft the firft Meridian. 


ROL a 
The ge git tide of gd tn 


And Vi oft Longitude ) 
Cit tude between them. 


Mi 
es (dif Finguifled by Eaft 
» ~ 
Ty 
A+ 


, 1 
Se vee 3 iQ pua the aif]. 07i- 


If the two places lie both in Eaft, or both 
in Welt igketeade: fubtract the lefler from the 
greater, and the remainer fhall be the diff. longi- 

tude | in D.M. 


O 


2, Tf 
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if one place lie in Eaft, and the other in 
Weft longitude, add them together, and their 
fum being lefs than 180°. fhall be the diff. longi- 
tude between them. But if this fum exceed 1809. 
fubtract it from 360°. and the remainer fhall be 
the diff.Longitude required. 


x UuUEE iJ 


To find whether you muft Sail Eaftward or Weff- 
ward, between any two places in Eaft or Weft Lon- 
citude 


If ag fail froma greater Eaft longitude 
toa elie, the Courfe is Weftward : but if from 
alefler toa greater Eaft longitude, the Courfe is 
apis 

. If you fail from a greater Weft longitude 
toa a leffer, the Courfe is Eaftward: but if from 
a lefler Welt Longitude to a greater, the Courfe 
is Weftward. 

3. If you fail from a piace in Eaft longitude to 

a place in Weft lon gitude, the Courfe is Weft- 
ward, except you crofs the firft Meridian, and 
then the Courfe is Eafty ard, and the contrary. 


RACE hs ort id 
Haz ing the aa gle 0] the Cour fe, and Quarter of the 
Compafs you have failed in, to find the Ship?s Rumb. 
Seek in the foregoing Table of Points in Pag.161 
for the neareft w hole p point to the angle of the 
Co ure ; and if the angle of the Courfe be greater 
than the nearef{t whole point,then you have failed 
to the ‘Eaft ward orWeftward of that whole point. 


But 


i Ye ee t r ! BS 
} yall 1 Yi Bi F 5 ith t} * dj ff qj ne “e AF crof{s 


mit mk 4 ae pt 
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But if the angle of the Courfe be leffer. than 
the neareft the whole point, you have failed to 
the Northward or Southward thereof. 


Examples ofall thefeRules follow in the enfuing 
Cafes. 


PLATN SATE TANG. 


HA GIP RH: Ae 


oxrfe did D ift ance rity Stven to find the Ships La- 
titude and L. ongitude, by Plain Sailing. 


Ship from the North latitude 86°, 90' 
it andi] longitude of 70. co’. Sails NEBE 130 
leagues. | demand her latitude and longitude. 


GEOMETRICALLY 


Draw the line AB to reprefent the Ship's firft 


Meridian,or North and South line. From A with 
the Chord of 60°. = aie the Arch DE. and fr om 
he fume line of Cl take the ari ele of the 


Courte, “viz, §69. 1 rs” ' which fet from D to E., 
and. draw the line AE. | 


From ave line of equal parts take 130 lea aenES, 
nich apply from A’ to C. Div — AC equa y yin 

the Mer I- 
dian 
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dian ABin B, Laftly, draw BC, fo fhall AB be 
the diff. Latit. in leagues, and BC the diff. 
longitude in leagues, both which muft be mea- 
fured upon theline of equal parts. 


LOGIARITHMICALLY 
By Cafe 3 of Plain Triangles 


Rk. AC:: S$, A: BC. or rt 1S, 
As the Radius fine of 90°.00’.viz. AC 1060000 
Is to the diftance run AC 130 iat $ 211394 
So is fine of the Courfe,ang. BAC 56°.15’. 991984. 


Sm, ie, 


To the diff. longit. in leagues BC 108 =. 203378 


‘his diff. longit. reducéd into degrees and 
minutes, vives g°. 24'. therefore by 1. Rule vg. 
the Ship ¢ eo to the Plain Chart) is im thre 
longitude of 75°. 24. 

Again, kx. cine S. C: AB... that is 


As Radius AC, fine of 90°. 00’. 1000009 
is to the diftance run AC 130 leagues 211394. } 
So is fine of the angle ACB 33°. 45’, 9744-73 | 


To the diff. Laitit. in leagues, AB 72. 185867 } 
This diff, latitude reduced into Deg. and Min 
gives 3°. 36. therefore by 1. Rule 1. the Ship is 


J 
71 4 . | ‘ ~¢] ‘ rf ‘ ei 
iT} tne INOTCTN latit. 53°93 26", #| 


GAS &. acebpes 44. 


ay SRO RE EP a en a a re [ee uae a 
oth Latitudes and Courfe Z1ven, to find the Longitude 


and a ft an Cé a 
A Ship Sey the Equinoctial, and longitude of 4 
10’. Welt fails NEBE to the latitude of 3°. i 


va 


oh ww 
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36.. No. J demand her longitude and diftance 
run. 


GEOMETRICALLY 


Draw the line AB to reprefent the Ship’s firft 
Meridian or Ne. and S°. line. From A with the 
Chord 60°. 00’. Strike the Arch DE, and from 
the fame line of Chords take thea angle of the 
Courfe, viz. 56°.15'. which apply from D to E, 
and draw the line CA. By the Rule 3. it is evi- 
dent that the diff. Latitude:'is 3°. 36’. which 
reduced into leagues make 72 leagues, From 
the equal parts take 72 leagues, which apply 
fron Ato B. Upon B erect the perpendicular 
BC, to cut the line AC in C. So have you finith- 
ed the plain failing Triangle ABC, in’ which AB 
is the difference of latitude, AC the diftance run, 
and BC the difference of longitude required. All 
which muft be meafared upon the fame line of 
equal parts. 


LOGARITHMI Gaede Is ¥: 
§ Gi AB: sates ; AG, that is, 


As fine of the angle at C 33°. 45'. 974473 
s to the diff. latit. AB 72 leagues 185733 
So is Radius AC fine of go°. ou, 1COO000 


To the fhips diftancerun AC 130 leazg. 211260 


ene 


Again, 
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Again, $,C. AB::5, A : BC. that is, 
As fine of the angle C $99 ..45%. 9744773 


Is to diff, latitude AB 72 leagues 185733 
So is theS Sine of the Courfean. BAC 56°.15. 991984. 


To the fhips d diff. longit. BC 108 leag. 203244 

This diff.longit.reduced into D.M. (by dividing 
it by 2 20 the leagues in one deg.) gives 5°. 24’. for 
the diff. longit.in D, M. therefore by 3. Rule 8. 
the fhip is in the Eaftlongit. of 3°. 14’. 


CASE. Fig. e 


Both Longitudes and Ciurfe given, to find the Ships 
Latitude and Difiance run. 


A fhip from the Noe. latitude of 2°. 00’. and 
Eaft longit. of 178°. oot fails SEBE t bie the Weft 
longit. of 176. 21. I demand her latitude and 
diftance run. 

GEOMETRICALLY. 

Draw the line EC to reprefent the Ships diff 
longit. from C with the Chord of 60°, oo 
{trike the Arch DE, upon which fet th 
Complement of the Courfe wiz. 33°. 45° sas 
D to E, and draw the line CE at length. Then 
by 2. Rule ro, find the fhip’s diff. longit. viz. 
5°, 39’. Or 11.3 leagues; which take from the 
line of equal parts, and fet from Cto B, upon 
B erect the perpendic. BA tocut the line CE con- 
tinued, in A, So have you finithed the. plain 
failing 


of er 48" 
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failing Triangle ABC, in which AB isthe diff: 


bear: ond AC the diftance run. 


LOGARITHMICALLY. 


Ss A:B C::B. AG, that 1S, 


_ -As fine angle A 569. 45°. 991984. 

Isto diff, longit. in leagues BC 113 205307 

So is Radius AC, fine of 90°. ao’ 1O¢ 0200 

To the diftance in leagues AC 136 213313 
Again, S$, A: BC:: §,C: AB. that is 

As fineangle A: *56°, Is 991984 

Is to diff. longit. in leagues PC 113 25307 

So is Sine angle G13 2°) gy’ 9744.73 

179780 

To the diff, latit. in leagues. AB. 76 187796 


OD ae 


py educed into D. M. make 3°. 48, there- 


3 
fore by 3. Rule1. the fhipis inthe South latit. 


@ AnSiE ! 4. Tigo igy. 
Both. Latitudes and d diftan ce run, £1 iuen to find the 
Conrfe and Sh ps Lone iti 


A. fhip fromthe South latitude of 23°. oo’-and 


longitude of 358°. oF is bound “4 a Port in! 


the South latit. «1°. :0' diftant from her 136 
leagues to the Eaftward.1 "een ne buch and 
longitude of the Port. G E O- 


a it JCC 
ae 


: 
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GEOMETRICALLY. 


Draw AB for the Meridian the Ship comes 
from, and by 1. Rule 3. find the diff. latitude, 
viz. 3°. 30’. Or 70 leagnes, then by 2 Rule 4 fet 
this reduced diff. latit. from A to B. Upon B 
erect the perpen dicular BC.Takethe diftance gi- 
ven, in your Compafles, and with one foot in A 
crofs the line BC inC, then draw AC, and from 
A with the Chord of 60°. ftrike the Arch DE, 
So have you finifhed the Plain Sailing Triangle 


ABC, whofe parts are eafily known. 


LOGARITHMICALLY. 


AC. K:: AB: S, C. that is 
As the diffance run AC 136 leagues 213353 


Is to Radius AC Sire of 90°. od. 1900000 
So is the diff. latitude AB 70 leagues 184.509 
Tofine of the angle atC 35°. 58’, 971156 
_— Aubtracted from 99°, oo. the remainer 
59°. 2’ 1s the angle of the Courfe , viz. CAB 


> 


therefore be Rule 12, the Courfe from AtoC 
is SEBE 2°. 47’ Eaftward. 
Beal. lv. AC:: S$, A: BC. that is 


As Radius AC. fine of 90°, o0', IC 00009 
Isto diftance run AC 1 a6, leagi gues 213352 
So is fine of the angle at , A599 rE 99332: 


To diff. longitude in leagues BC 116 206674 


ot 


PS» Hm MI TS el ait 


wig oe 
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which reduced into D. M. gives 5°. 48. there- 
fore by 2. Rule s. the Ship is in the Longitnde of 
3°, 48, 


Gi AS; Ecogecdige 38. 


Both Longitudes and diftance run given, to find the 
Courfe and Ships Latitude. 


A Ship from the North latitude of 46°. 00’: 
and longitude of 2°. 00’. fails between the North 
and Weft 120, to the longitude of 357. I de- 
mand her Coyrfe and latitude. 


GEOMETRICALLY. 


Draw the line CB, and by Rule 6 find the Ship’s 
diff. longitude, which is ¢°. oo’. this reduced in- 
to leagues makes 109, therefore fet 100 leagues 
from € toB. From Blet fall the perpend. BA. 
Take 120 leagues (the Ship’s diftance run ) in 
your Compafs, and with one foot in C, crofs the 
perpend. BA in A. Draw the line CA, and 
from A with the Chord of 60°. ftrike the Arch 
DE, which meafured upon the fame line of Chords, 
gives 56°. 27', for the angle of the Courfe. There- 


fore by Rule 12, the Ship’s Courfe is NWBW co’. 


12'. Weftward 


L Q G A- 


Pee re _ 
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LOGARITHMICALLY. 


AC: k:: BC: S.A. that is, 

As the diftance run AC. 120 leagues 407918 
Is to Radius AC, Sine of 90°. 00°. 1000000 
So is the diff. longitude BC 100 leagues 200000 


To Sine Ang. of the Courfe BAC 56°, ie are 


Again, S, A: BC:: Kk: AC, that is, 


As Sine Angle A56°. 27". 992082 

Is to diff. longitude BC to leagues 203009 
So is Sine Angle C 33°, 33". 974246 
11741246 

To the diff. latitude AB 66 leagues 182164 


which reduced into D. M. make 3 18’. There- 
fore by 1. Ruler. the Shipis inthe N>. latitude 
of 49°. 18. 


Cie SE Ge Bigs ts g: 


BIth Latitudes aud. both Longitudes’g given, to fiad 
the Courfe ana dift TANCE: 


Admit there be two feveral Ports, the one in 
the North latitude ‘of ery and longitude of 58% 


t 


00”. the other inthe North latitude of 48°, and 
longitude of 53. co. + demand’ the Courfe 
| and diftance between then. 


GEO- 


rt of Navigation. 


CEOMETRICA Ae Ys 
R 


(a) 


By r. Bules,; fed the diff latitude, Ui, 

os So feagues, and by, am Rude. 4;, yeu, wall 
fod e Courfe.o-be Southward\, thencfore draw 
1€ trae, AB, and fet 80 leagues from A to B, Al- 
fo by 6 Rule -find the diff.of longitudes azz , sth 


© 
mip) 


_or 100 leaguesjand by r. tule 7 it 1s evident 
a Kis: exalt Jaen UU aw ais 1 
the Courfe muft be Weftward: Thegefore from 


5 


2 | 
ee ae ee te PD 
Pit BC. perpend...to AD. Hpgl n whithdtet 100 
1€ AQULS tr om iB oO ee C ied abd W the line AG which: 


{hall be the attaae e between.the two Ports Laft- in 
ly, from A with the Chord of 60”. itrike the 
ESR PE which fhall give th« ufure of the 
Ang of the Courfe. 


As thediff latitude AB.80 leagues 1903 509), 
z _e ‘ss 
i 


a 
Is to Radius AC, Sine Of 90°. 00%. 1O9000C 
So is diff. longitude BC 100 leagues 2.0000¢ 


To Tang. of the Courfe,ang, BAC. 51.21 ere D>} 
Therefore, by. Rule 12. the Courfe will be SW. 
6°, 21, Weltward, or SWBW_ 4°. 54. Souths 


yard. 
Again; $;As BC:: K:, AG, that is, 
“As Sine ang ghe of the Caurfe,s12, 21'., 99926, 


Jsto diff. Longitude BC.100 ABN 2000004 
So-is Radius AC., Sine of 90 . 0a’. LQOOQOGIM » 


To thediftance run AC 128 leagues 
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od 


i ee 


Lework a Traverfe by Plain Sailing. 
FEG. 40) 


Ship from the North latitude of 24°. 37), 

and Eaft longitude of 48°. 40’. is bound 
fer a Port in the: North latitude 27°. 06’. and 
Eaft Longitude 51. 34. fhe fails NNW a1, 
North 20. NNE 24,NE 25, Eaft 37, NWBN >>. 
south 18, and SEBS 44 leagues.idemand her Jati< 
tude, longitude, courfe and diftance run upon 
a ftrcight line, and her bearing “and diftance 
from the Port. 


GEOMETRICALLY. 


Draw the line YAX for an Eaft and Weft line. 
Upon A. ere& the perpendicular AZ for a North 
and” South line.” From A’ ( with any diftance ) 
ftrike thefemicircle, which divide into 16 equal 
parts, to: reprefent the feveral Points of the Com- 
pafs: .Lay a Ruler upon A, and oneach of thef 


a =e Fh ba and ; ey ak i : i 
16 Points, and draw lmes Ar. A 3. A's: as int 
the Ficure 
~ - log - . ITH 
Then becaufe the firft courfe “is NNW 51 


z 


leagues, take 21 leagues from the’ line of equal 


parts, and fet the fame from A to'B:’’ Lay aRu- 
ler upon A Z, andfrom B draw a line pataliAl'to 


© 2 


the 
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the fide thereof as BC, to reprefent a No». line. 
Upon this line fet 2° leagues from Bto C. Alfo 
lay a Ruler on the NNE line A 2,and from C draw 
a line parallel to the fide thereof as CD, for a 
NNE line, upon which fet 24 leagues from C to 
D. Again, lay a Ruler uponthe NE line A 4, 
and from D draw a line parallel to the fide there- 
of, as DE, upon which fet 25 leagues from D 
to E. Then Jay a Ruler upon the Eait line YAX, 
and from Edraw a line parallel thereto as EF, 
upon which fet 37 leagues from E to F. Alfo 
lay a Ruler upon the NWBN line A 3, and from 
F draw FG parallel thereto, upon which fet 32 
leagues from F to G ; lay a Ruler upon the South 
line ZA, and from G draw GH parallel thereto ; 
upon which fet 48 leagues from G to H, Laftly, 
lay aRuler upon the SEBS. Jiae, or rather its 
oppofit, the NWBN line A 3, and from H draw | 
HI parallel thereto, upon which fet 47 leagues | 
from Htol. So have you finifhed the Traverfe. | 
Then to findthe fhip’s diff. latitude, ec. draw 
the line Al, which divide into two equal parts | 
in M. From M with the. diftance AM _ crofs the:) 
line AZ in N. So fhall AN be the. fhip’s diff. | 
latitude, NI her diff. longit. Alherdiftance run,,)) . 
and NAI the angle of her courfe; all which) 
may be meafured upon the line of equal parts,,} 
and Chords. 

To protraé the Port, you mufl by 1. Rule 3../ 
find the diff. latitude between the two Ports,viz..} 
2°, s6'.or 52,Leagues and by 1 Rule 10 find their:| 
diff. longitude, viz. 2°. 54,0r 58 leagues, which) 
being known, fet 52 leagues from A to O. Drawiy 

OK parallel to AX, and upon OK fet 58 spe ) 
. romij 


——— eet _ ~< ‘we: Pe 


nee 
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from Oto K. Then draw IK, which fhall be the 
diftance between the Ship and Port. Alfo conti- 
nue OK to L, making OL equal to NI. Laftly 
draw IL, fo fhall IL be the diff. latitude between 
the fhip and Port, and KL the diff. longitude 
between them. 


ARITHMETICALLY. 


The Ship’s Latitude and Longitude may be moft 
expeditioufly found in the Traverfe Tables, 


ital whofe ufe have explained immediately before 
“0 the Tables; and fo the diff. latitude and longit. 


| upon each courfe and diftance forthe foregoing 


Traverfe will be as followeth. 


a ere CE ESSE CTCL ST 


er i et 
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“V) miles southing | Miles | | Miles 


83147] 55557 


ourfes Northing | Miles — | Eafting pee 
NNW fail @cl. 55433 po B66] 
Bl? zips Poe e404 “Dae Git am 
North | 20 Go| 60000] | | 
NNE. 24] .40| 54672 1267 788 3 
: 1848 sercn ta O76 § | 
NE 49498 | 494981 7 | 
4 ; FASFE LDEROE Baa: | 
“1 Eat IT LOCO 
“INWEBN 32] 90] 74832 are + 50001 
4988 | 3333 
| 


40 33259] 22223) 
Bek 0831] 0555) 
Sion j__—.. = — | a 
317.57 7|201.237 269.921 77-443) 


Thus itappears that the fum of the Northing 
Colnmn is 317. 57 + miles ; of the Southing 261. 
237 miles; of the Eafting 269.921 miles, and 
of the e Weltin ng 77. 443 miles. Subtract the fam 
ofythe fouthing Co lu mn4rom the fum of the nor- 
thing Cen a Bn A 56. 
hip’s diff, Latitude; therefore by 1. Rule 1, the 


eran ae 5 ! 
S ip isinthe N North Latitude e245. 20. 


lec 1¢ the 
34. miles IS TNE 


W) 


Al 
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Alfo ( becaufe the Weftermoft.Column. is the 
éaft) fubtraét 47. 443. the fim of the ‘Wefterly 
Column, from.269.,921 the fun of the Eajterly 
Column, the remainer 192, 478 is the number 
of Miles 3 n the diff of Lo neitude; therefore. by 

the'Ship is in the Fait Longitude 


> “4 J *{t 5 . ATs4 147 a 
Urle 4HA aLLANCE FUN UDO 7 


As ‘the diff. Letit. 56°°3 4. miles AN —147558 
Is to Radius Sine Of, 90°. oc Go ie aod Lo7Oac 
SO 1S the diff, Li Ongi ude I g2 AS mile co IN 138)38 


To Tang. fhip’s Courle'43° 41’. NAl--105 33 


——_ 


ct o>, 


5 
- 


As Sine O the C ourfe 7 3° 41 .N Al 998 

Is to. diff, “4h ituc de 192. 48. miles-IN-.228 

So is Radius Sine of 92°. 00’, ——-—- — 1000 
gi 
Lx 


To the fhip’s diftance rum 200. 57 Miles 23 


Ww) 

A 

1 Sh 
BEN 


By\Rule 12. it isevident thatthe higes Gourfe 
i¢ ENE.6°. 11' Eafterly,.or EBN 52. 4'. North- 


byt L. + we 3. if you fubtract the: fm ips diff. 
Latitude AN from the Ports diff. Latitude AO 
the remainer will be NO « 29. 66..Miles, the ditt. 
batic, Between the'Ship‘and aed “equal, to HL. 
AHo bys. Rule SF you BTA the Ports-diff 
Longit. OR from the hiv? S aE Langit. NT. the 
remainer 18. 48. Miles equal to KE will bé the 
diff. Longit. between the fhip ba Port. 
O 4. Then 
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Then to find the Courfe and diftance from the 
Ship to the Port, fay / 
As diff, lat; bet. Ship and Port,ILo9.66. 1998520 
Ts to Radius Sine of 90°. o0'7 e— 10000000 
So is diff. long. bet. Ship & Port KL 18.48 1266702! 


To Tang. angle KIL 10%, 315 ——= 926818n 

*As Sine angle KIL 100°, a45 —— wm 9261 3144 
{s to Radius Sine of 90°. 00’, ———-_ —- 1000000c7) 
So is diff. longitude KL 18, 48. ——— 126670n: 


ee 


To dift, bet, the Ship and Port 101.2.M. 2005 38%) 


Therefore by Rule 12. the Courfe from Lto K is 
NBW 00°, 44’. North. | 


€ HAP... XIE. 


The Solutisn of Plain Sailing Oiteftz--| 
ons, by the (fo called ) Tables off 


given Numbers. 


At E. Table of given. Numbers is nothing elfe 
but.a Table of Natural Sines and Tangents: | 


an{weripg to each point, 3 point and point off 
the Compafs, 


AA!) 
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= LLL TC eC i ta SE TS A I eS I cs, 
' 


A Table of Naural Sines and Tangents to 
every Point, + Point aad +* Point of the 


Compas. 
} 

‘Tang. | Tang. | 

44!) 1103 

98 = | 1213 

148 Oe 1.348 

199 5 1496| 

250 1668 


i 


414.6 2414! 
473) | 2795) 
$33, | 3249) 

| 599, | 3991) 

Bai POON) et a Ses 
742; 1 6749 : 
820, -| 10138 4 
906] 20205, | 
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The ufe of this Table. 
SS see ee 
Courfe and Diftance given, to find the Ships diff. Latii) 


>| LS } ~ 4 SIRA “A ,, 
tude and Departure. 


A Ship Sauls NEBE 120 Icagues, I dehand heri 
oe Coe and Hee ee a : 
Multiply the diftance rum-420 by the Sinti,, 


of i Courfe 831..that? Product e972 dividécd, 
by, 1900, the Quot ientigo. 720 leagues is the de:],, 
parture. 


2.. Multiply the diftance tun. 129 By thn¢ 
Compt. of the Courde 555, that. Produftt666om 
divided by 1002 -gives-60--6 forthe differeniy 
Latitude. 

Note, Seeing that the Longitudes of Places can 
not “be truly exprett upon the Plain Chart, be: 
caule ni Conftruction thereof ddépencds upon ‘ 
felfeHypothelis therefore what I called in ithe pre- 
éedins ; Problems, by’the name ‘of ’difference 0: 
I enehude, ought ratheérto be called departure 
ot Rafting and Wefting >’ becaufe’ it only thew 
the diftance of any two Meridians inany Paralij. 
lel of Latitude, but not the fame diftance opi} 
thofe two Meridians at the Equinoctial. 


wk 
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G' ATS2EA Zz. 


WCourfe and diff. Latitude giver, to find the acparture 
and difkance run. 


A Ship fails NNW till-her diff. latitude be. 75 
Meagues. I demand her departure and.diftance 
jrun. : 
|) 1. Multiply the diff. latitude 75 by the Sine of 
“the Courfe 383, that’ Produ& 28725 divided by 

the Co-fine of the Courfe 92:4, gives 31 :leagues 
‘for the departure. 
2. Multiply the diff. latitude 75 by. 1000, that 
}Produé: 75000 divided by the Co-fine of the 
“}Courfe 924, gives 81. leagues for. the diff. 
*"® Tatitude. 


CWS Es 2. 


Cour fe and Departure given, to find the Ship's, diff, La- 
titude andidifrance run. 


A Ship fails NWBN fill her departure be 98 
leagues. I demand her diff. Latitude and di- 
ffance Tun. ; 

1. Multiply the departure. 78 by 1000, that 

|) Product 78oc0 divided by the Sine of the Courle | 
ves. gives 140 leagues! for the diftancerun, i 
Multiply the departure 78, by the Co-ime . 
6f the Courfe 831, that Produ& 64818 divided 
by the Sime Of the Courfe $55, gives 116 for the 


Aik Latiade. 
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G A’ScCE® «4. 


Diftance run and diff. Latitude given, to find thes)’ 


Courfe and Departure. 


A Ship fails between the North and the Eaft: 
- g20 leagues , till her diff. latitude be 66. 60) 
leagues. 1 demand her Courfe and Departure. 

1, Multiply the diff. latitude 66. 60 by roo...) 
that Product 666000 divided by the diftance run)| 


120, gives 555, which feek for in the forego--| \\ 


ing Table, and you will find anfwering thereto, 3; 


points ofthe Compafs of the Courfe, then. (becaufes} | ' 


each quarter of the Compafs contains 8 points ))): 
Subtract three points from eight points, the re--) \ lh 


mainer will be five points. So the Courfe requi-- 


red will be NEBE. 
2. Multiply the diff. Latit. 66. 6oby the Sines 


of the Courfe 831, that Product 553446 divided!) , 
by the Co fine of the Courfe 355, the Quotientt)) jy) 


99. 7 isthe departure required. 
CASE 54. 


Dijtance run and Departuregiven, to find the€ ourfec|) 
and. diff. Latitude, 


A Ship fails r2oleagues S Eaftward, till hers} ~ 


departure be 99. 72 leagues. I demand _her*} 
Courfeand diff. Latitude. 

+, Multiply the departure 99. 72 by 1000,,/ 
that Product 9972000 divided by the diftance runi) 
120, gives 831 the Sine of 5 points for the Courfe:| 
required, ; 


2, Multi} 


Oe rs as ’ C8 wee 
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2. Multiply the departure yo. 72 by the Co-fine 
fof the Courfe 555, that Product 55344 60 di- 
| vided by the Sine of the Courfe 331, gives 66. 6 
ij for the diff. Latit. required. 


CASE 6. 


Diff. Latitude and Departure given,to find the Conrfe 
and diftance run. 


A Ship fails § Eward till her different Latitude 
be 66.6 Leagues, and her departure, be 99. 72 
Leagues. 1 demand her Courfe and diftance 
run. 

1. Multiply the departure by.1000, that 
Product 9972000 divided by the diff.Latitude 66, 
60, gives 1496 for the Tangent of the Courfe, 
it! which is 5 points. 

2. Multiply the departure 99. 72 by, 1000, that 
fl, Product divided by theSine of the Courfe 831, 
| gives 120 Leagues for the diftance required. 


a a 


= 
eens 
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CH APS aay 


The Solution of all the Cafes in Plain 
Sailing by Natural Avithmetick. 


Ffore you proceed to the folution of any 
Plain Sailing Qieftion, you muft find whe- 
“ther difference of latitude or departure be the 
longeft fide in that Triangle: and this may be 
known, from thefe following Rules: 
If the: Courfe ‘be lef. than 4 points from 
c sé North ot South, the'diff, latitude 4s’ greater 
than the departure. 
2. If ‘the Courfe be more than 4. points. from 
the North or South, the diff. latitudeas‘lefsthan 
the Kee ture: 


If the Courfe be juft 4 points, the difference |) 


of *Tatitude and depar babe e are both equal : Which 
being known—-— 
If the diff. latitude be the leffer fide, it muft 


contain -r-o0eo. - If the.departure be-lefs,it.muft ff, 


contain 1.0000; 


Gai: &. 


12) 

aN 

. more: 

le 1972 ( with a‘ competent 


i. Always divic 


. Number of Cyphers annexed,) by the degrees and | | 
Decimal parts of a Degree contained in the 
Angle oppolit to the lefler fide. 


>. From 
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From the-Square of this Quotient,—you muft 
Bact fubtract.3, and out, of the remainer eX~ 
| itract the Square root, 
3. Subtract this Square root from the double of 
| ithe Quotient ofthis remainer fhall be thedi- 
{tance run. 3 naw 
4. Subtract the double of the diftance ran from 
he faid Quotient, the remainer fhall -bethe diff. 
atitide or depart ure according to that Scale 
whereby the lefler fidecontamed 1rodo0d, 
And thas you may “md -the. three ‘ides.of this 
iN qutical ‘Triangle, the lefler. fide, being aflumed 
. 0000. 
But becauleimthis way- of folving plain’ failing 
Queftions, > ibis-ne oceflary that all the Sexagenary 
mumutes in» a Degree be reduced into. Decimals, 
‘T-thall here fhew the way of reducing them: 


If 60 —110009—1 — ‘If 60’—10900 —~ 15° 
I 15 
6 (1022061 66-6)+5900 40 ] -2<00 
44 Pie bE 


And by this proportion was the following 
Table calculated, which fhews how many -~deci- 
mal parts are contained in any number of mi- 
nutes tthe Degree or Integer being fuppofed 
to-be divided into 10000 parts, 


tos 
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1A Table fhewing the Reduttion of Minutes into Dect- 
| mals, and the Contrary. 


M. M. Decimals M. Decimals M. {Decimals} M. Decimals 


0167116 3667/31 S167 “ .7667 


apts 
2) 930333 17] 42833) 321 5333147) | «7833 
3 ) ) 3000/3 3 5500 8 .8000 
4 3167134) :§667149|, 8167 
we 3333)35 _«§833|50_-8333 
6| .3500}36) | 600051) ».8500 
7| «L167 22) 36671371  .6167|52] . .8667 
8) °.£33323} «3833|38] 6333 ]53] -8833 
9} 1500 a 4000/39, .6500]54' «9000 
10) 1166725) 14167|40) 6667155) ~ -9167 


11} 183326, 4333/41] 6833 }56,.9333 

12} .2000.27) .45<0}42}  «7790157., «9500 

13 2s 4667143 
3 


29) 4833/44] -7333159 --9833 


OGe Te OES 


Courfe and diftance run given, to find the dif, Latir, 
ana Departure. 


A Ship failes NEBE 146 Miles, [demand her 
diff. Lait. and departure, 

By the 22. of this Chap. it is evident that thé 
diff. Latit, islefs than the departure, and there- 
fore muft be affumed 1. 000. Alfo by the forego- 
ing 


30 5000 |45) - 7500150 _.10000f 


7167158; * .9667]) 
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jing Table you finds.7§ is the Decimal of 45’. 
| Therefore 


5096 Quot. 5.096 
55 2 5-096 
0200 else) aly 
2 gees 10.192 Q:doub. 30576 
22.969216 | 4.792 Square root. 45864 
24S 254902 
| 37 | 606 
699 Quot. {quared 25.969216 
a fubtract 3 
949 | 8792 Ghat ediitinct 
| 3541 rémalns 22.969216 


‘ 


~~ — Serre a 


948s | 25116 
p02 | 2517 
TQlo4 


From the Quotient doubled —~ +--+ 19.192 
Subtract the Square root —+—+----+ ~~ 77 4-79 


R émditis i tt ert ef 90 i 
? ‘ ye ai 
of the remainer is the autance “ OG 
Sone 
5 ti +? fh. we } = 5% i. ee pe. a Fe 
Ché ciftance doubled 1s ———- =: —> 3,620 | 
Which fubtraéted from the Quotient 5-096 


} 


The remainer is the departurés.+—~--—-— 1.496 
Thus the three fides of this Triangle are found, 

la a he aes 7 3 ——* eee, wees cT 
whofe lefler fide is aflumed 1. coo. which being, 
P known 
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khown, we thay by 4. 65 Ene.' or by the Rules), \ 
in Page 36. 37, find the refponding proportional et 
numbers for the fides of the Triangle requi- / ij 
red. For 

If the fuppofititious diftance 1. 8, require 146 
Miles, the f{ppofititious diff. Latit. 1.000 fhalk: 
require 8t. 1 Miles, and the fuppofititigus de-. 
ture 1.396 fhall require 121. 34 Miles. 


RR he Me 


Courfe and diff, Latitude given to find the diftances 
rin and departure. 


A Ship fails SEBS till her diff. Latit. be 14444 
Mies. I demand her diftance run and de- 
parture. 

Here the departure is the leffer fide, and there- 
fore muft be allumed 1.000. and the angle Op=-; 
fit to it is 33.75. Therefore divide 172. 00000) 
by 33.75.the Quotient is §. 096 whofe double willl 
be 10.192 as afore, and the fquare thereof will beg 
25. 969216. Therefore 


From the Quotient doubled —— 10.1922) 
Subtract the {quare root —--—— 4.9922) 
The remainer is———— —— ———- = 5.4. 000) 
* whereof is the diftance as afore 1 Bod) 
The diftance doubled makes -— — — 3.6079 
Which fubtracted from the Quotient 5 -09tt)) 
The remainer is the diff, Latitude — 14.906) 


weet esse 5 


That 


renee — 
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Thus in thefe two Examples, the Courfe in the 
one, isequal to the Complement of the Courfe 
in the other, therefore ( though the fuppofitit!- 
ous diftance in both is 1.8) yetthe diff. Latit. 
in the firft Example is equal to the fuppofi- 
titious departure in the fecond, and the contra- 
ry., Then proceed as followeth, 

If 1, 496—144—1. 800 

18,00 
11§209 
144 


‘parece 


10N. 211 


-~ee 


; e = o” * 
oo |.173 Diftance required 
sf f. 


1,000 
144.000 | 96 Depart, requir. 
134.04 


1.495 


Rass Binns 5 


t 
Courfe ang 


AS hip fails SS 
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departure Liven, to find thedif. Latitude 
and diftance rin. : 


SW till her departur e be 50 Miles. 


I demand her diff, Latitude and diftance run. 
The angle of the Courfe is lefs than 4 points,,! 
and being always nh itta the departure, the»)! 


departure muft be the leffer fide, a 


ly is accounted 1.000, 


9.644 Quot. 


32-85 | “572.0000 


11575 2 
14§0 Ig 28 doulsiad 
0 
en 
TOOOo 


OBR atone, 


and confeqnent-:| 


mK 
7-544 
7.044 


Yemen HE ecg 


3° 505 
45864 
§3508 


- Square of the Quot. $8.4 36736 


soca from which fubtra& -3 


§$°-4.30736 | 
49 


ome orp 


7.44§ Remainer is—~ — —§5.430736 


mone: ee 
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From the double’ Quotient -—--—-—— 15.288 
| Subtract the fquareé root + ++) gas 


| Remainer tg ~~ 9 et Le Bigg, 
. whereof is the fuppfititious diftance — 2.614. 
| | 2 


The donble diftance is. -.—- --~- —“5.228 
Which fubtraét from the Qnotient.'i-~—. 7.644 
The remainer is the fuppofit. diff. Ca sey 2.416 


eros 


§O 


130.700 Dilt. 130.7 Miles: 


omerwrwy 6 ee ee 


If 1.000 — JO — 2.416 
50 
129.800 diff, Latit.a‘vo:8 Miles. 


ee i 


~~ 


aoe «& 


| Diftance.run and diff. Latit, given, to find the Courfe 
and Departure. q 


A Ship fails 120 Miles till her diff; Latit? be 


81 Miles. Idemand her departure, and Anglé of 
ithe Courfe , , 


r'Z Thefe 
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Thefe three following Cafesdo depend upon 
47° 1. Exc. where itis demonftrated that in a 
Right-angled plain Triangle, the iquare of the 
Hypothennfal is equal to the fquare of the Bafe 
and, {quare of the t erpendicular added together. 
Therefore {quare the diftance 120, which Is 
14400, alfo fquare the diff. Latit. $1. which is 
6s61. then ae ne Se 
From the {quare of the diltance, —-—--~1 44.90 


Subtract the fquare of the diff. Latit.— 6561 
The remainer is —-——— ———— — 4839 


The fquare root of which is the departure, 


7839.00 | 28.5 Departare in Miles. 


To iia the Courfe 


7 


Tothe diftance tun add athe departure (if the | iu, 
departure be greater than the diff, Latit.) or z 
che diff. Latit, (if that be. greater, than theade- 
parturer J bey | ‘ort f ) 
The diftance run 126. to which at the de~ il 
pafture 44. 25 ,the fymas 164. fay. 


If 


Maen: 
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Mf 164, 2581-486 ‘to the Comp, of the Courfe 
gi 


86 
688 
164.25 PS peg.0gae 42.41 
} 65700 
39600 
32850 


67§00 
657700 
i 8000 
16425 


— 


1975 


In the Table for reducing Decimals inte Mi- 
mutes, feck for 41} andthe refponding number 
fhews about 25 Minutes; fo that the Compleatan- 
gle of the Courfe is 42°. 25’. therefore the true 
angle of the Courfe is 49°. 35°. 


CASE 545- 


\Diftance run and Departure given, to fina the diff. 4 
Latitude and Cour{e, an 


A Ship fails 146 Miles till her departure be 4 

108 Miles, 3 demand her diff. Latitude and q 

“) Courfe. ! 
P 4 From 


1 aed 
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.From the Square of the diftance, fubtraG the 
Square of the departure,the Square root extracted 
out of the remainer gives the diff. Latitude. 


108 146 
- 225, 108 146 
9652 | o8-diff. Latiti< “a->— +2 
31 | 864. 876 
ile 1080 584 
188 | 1552 sees 
1504 11664 146 
"48 . From 21316 
take 11664. 
9652 


Bee nn eel 


Or thus, to find the diff. Latitude. 


Multiply the fumi of.the, diftance; run, .and 
Heparture by their diff. the Square rqot , of that 
Product fhall) be the diff. Latit,,.; . 


, 146 

9652 | 98 diff, Lat. 1098 
81 | — 

are ven sum 254 

188 | 1552 diff, 38 
| 1594 y hae gy 

awe ta. Tag ie ORS. 

43 962 
Prod: 9652. | 


ees Sa 


Toi 


OE Re eter 
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To find the Courfe. 


To the diftance run —— ~~ — 7~ —5-146 
£4 add 4 the departure. ( being the greateft fide) 49 


Ge a oe 


Sumas ~s--— e: L9§ 

' As. that — 195-98 diff. Lat, 36 to 0-8. 

Courfe. 86 } attr 
583. hb 
734. ‘O 


pest or 13 Min. 
195 | 8428.90 | 
780 P ACG 


628 

585 
430 
399 


ae) 
Here the Comp. of the Courfe is 43°. 13’ 


Ww hich fubtraéted from go°. oo’. the remainer 46°. 4 
47. is the Angle of the Courfe required. . 


CASE 
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CA S°E*'S, 
Diff. Latitude and Departure given, t0 fod the die 


ftance run and Cowrfe. 


A Ship. fails till her diff. Latitude be 86 Miles, “ly 
and her Departure ro4’Mifes. © I dettand’ her di- 
{tance run and Courfe. °~ . 

To the Square of thediff. Latit. add the Square 
of the Departure, the Square root of that fum 
fhall be the diftance run. 


86° - 104 
86 104 
616 ©. 416 
sea oS 1049 
Diff. Latit. fquared 7396 depart.fquared 10816 
~. [134-9 dif. 7396 
18212 x ——__—_——. 
1 . fam 8212 
23 { 82 | 
| 69 
a rt - 
bie 264 | 1302 
a a | 10§6 
2686 | 265.00 
| 24208 


Sees 


1399 
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To find the Angle of the Courfe. 


ae the diftance run.134.9 and ; the Departure, 
54. the fum is 188. 9. then fay 
| oki 188.9 is to diff. Latit. 86, fo is 86 ¢ 
) Comp. Angle. 


86 
sis 
688 


188.9 | 7396.006 | 39.15 Dev.or 39°.9 
$567 


197290 
Yvoor , 
2860 
1885 


a 


1OOTO 
9445 


595 


Subtract 39°. 9, from 90°. 00”. the remainer 
50°. 51’, is the Angle of the Courfe, 


bis 
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4, 


The Solution of Oblique, Triangles. by Natural 
: Aritauctick. 


eisai miei SE ae Fig... 40) Z 


Tid fides ith av Ankle oppofite of to one ther, to find, 
the other Parts. tite lett \ paeate 


A Ship at A obferves an Ifland at B, bearing 
3 ENE, fhe runs away NEBN 8 Miles to 
C, and then found theIfland at B.to be 6 Miles 
from her. 1 demand the Courfe from Cto B 
and the diftance between A and B.. . | 

From Cet fall the Perpendicular. CID; fo have 
you reduced the oblique angled Plain Triangle 
into two right angled Plain Triangles, viz. AGD, 
called the firft, and BCD the f{econd ‘\'riangle. 
Inthefirft Triangle ACD,we have given the Hyp. 
AC, and the Angle at A, to find the Bafe AD, 
and the Perpend. DC, which. may be done by 
the following Table. 3 


_ LES SORE Re ETERS Oe. Sa ne Se WEEE r 
* 
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i 
A Table fhewing the diftance run, 
diff, Latit or Derg jrom every Point, 
> or + Point of the Compas. 
| Angle of the (Diff. Der. At. 
(Courfe in Degree|Diftance; or 


. Jand Decimal pa val parts.| Departure 
2: S1325~. 1G.:. Sg 4G 37 | 
| , 625 1 0. “su Lick Ly | 
Foie Er oe ee ee ae 

! 
wy Ree LA EZ Ge O23 | | 
Tosco S oo ae ee 3 
| “44. 06025 F 4 14! 3. 84 
j ‘ ) i = r pa 
16. O75 | Se AY 3s 7 
119. 6875 Pee ye Mire Sig, 
[hee & Ga ote : Fi Gia 2554 ie 
A euibeeen ged 3. WiZ4O} 2.) YER 
| Wee 125 | ¥, 422) Fs eg) 
30+. 9373 [. 945) I. 669 | 
oe he 1. 800 1. 496, 
36. 5625 his 678 I 24.8 | 
39° °° 375 I. $976) I. 218 
42-1895 I. 46 153 
45. I, COO |}. C 


In this firft Cafe of Obilgues, fecing, the Angi 
at A’ is 33)-75.) you find aval inft it m the (y column 
of diftance'ftands 1: 83and becaufe the.ang! loCAD 
is lefs' than “the angle AGD;, therefore “the, tide 
AD ‘fhall be er thar the fide, CD.;.Bat ED 
being the leaft fide inthe Triangle ADC, mult 
“be aflumed 1.00, cc. and then the fide AD will 
be 1.496. thus the three fuppofititious fides are 
known. Therefore fay, lf 


huts 
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If AC. 1.8—AC 8: what-fhall AD. 1.496. 
| 8 AC 


on-rs 


1.8) 11.968(6.64 
108 


on 


otT16 
108 
88 
72 : 


DC 1.000: 
8 


If AG 1.8 AC 8 


1.8)8.0:0(4.44 
72 


Sere eco 


80 
72 


ER ee 


80 
a2 3 
— DC 


8 


To find the fide BD we have given the Hyp.CB. | 
and Perpend. CD. therefore by 47.1 Ew.Arom | 
the Square of CB fubtraé the Square of CD. the) 
Square root of the femainer is the length of the |) 
BD. whichadded to AD gives AB. As thus, 


36.9000 §f 


ores 
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36.69.20 i DC. 4.44 . CBI6 
19.7136 BD 444 6 


EE ee a ED 


@eewee=, oy er? 


162864 | 402 1976 36 
16 | 6.64 AD . 019796 RAUNT A 
ge hecnie 1776 
803 |.2864 10.68 AB ——--—-— 
2406 ———-— 19.7136 
" 455 


To find the angle CBD. add the Hypothennfat 
CB and , of CD (which is the greater Leg) to- 
gether ;, Then fay, 


| CB.6 
As 8.22. to BD 4.03 Sols ¢6 2 CD.2.22 
86 tas! 
Sum. 3.22 
2418 —— ae 
3224 


4 


8.22 | 346.58 | 42.16 or 42°. 10° 
3288 | 


———— 109 


a 


ew 


ae 
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“Herice it 1s evident, that if you fubtrat 42°: 
18! from 90°. the remainer i1s'47°. go" for the an- 
‘gleat B. 3 


GtA'S E 2.9% PG? ie. 


Two fides with their contained Angle given, to find the 
other Angles and the third fide: 


A Ship at B obferves an Ifland ‘at A bearing 
Weft.9.8 Miles from her, fhe fails NWBW. 7.6 
‘Miles to C, I demand her bearing and diftance 
from the Ifland: tO ¢ PUE Go 

Draw ABfor an Eaft or Weft line, fet 9.8 Milés 
fromBto A, thendraw a NWBW line as BC, 
upon.which fet up 6 Miles from, B to C, laftly 
dyaw the line AC. | | 

Let fall the Perpend. CD, fo fhall CBD be the 
firft Triangle, and ACD. the fecond. In the 
Triangle BCD, CD is theleffer fide, and muft be 
affumed 1.000, Alfo in the preceeding Vable CB | 
is 1.8, and confequently by the fame Yable BD | 
mult be.1.496. “Therefore fay, 
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BG =6BC DC DC 
lf 1.8 ——».6 1.000 —— 4.222, 
1.000 


7.6090 
72 


1.8 4.222 DC, 


BC BC BD BD. 
if 1.8 —— 7.6——1.496- =55.316 
7.6 


8976 
104.72 
1.8 | 11.3696 | 6.316 
| 108 
56 
29 
18 


L16 


103 | 


Q 
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Which fubtraéed from BAg.8 the remainer 3.484 
is DA.then in the fecond triangle ADC we have 


¢ Aven AD. and DC 


. to find the Hypothenuf il AC. 


DA-3.484 DC-4.222 
’ 
5.473 AC. 3.484 4. 23g 
13936 8442 
6 
pkg F: O444 
- R 4 j 
i 3930 C444 
~ “y GUC4S, 
10452 1660 
a a y ¥ 
12,138256 17.82528. 
blige ae ao. oe 


‘he angle may be found asin Cafe 1. of Ob 


oe 
Jes viven, to find the three Angles. 


oOo 


. obferves two Iflands, the one at TE 


Miles from her: the other at 


it ant between the Raft and Norttii 


nds were 6.6 Miles afunder. 
bearing and the Courfe fro) 
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Draw the Eaft line AB, upon which fet 9 
Miles ran A to B, take.7.6 Miles. ae our.C a. 
pafles, and with on foot in A ftrike the Arch C, 
then take 6.6 Miles in your Comp alles, and from 
B crofs the arch Cin C.. Draw tlie lines ACD 
and BC. Laftly from C with the diftance BC 
{trike the arch DBGF to cu BAe! inG, and AC in 
F, fo fhall AG be the alteraai te J fe, ae fhall be 
the fum, and AF the diff. of the two fides » 
CB, 


t 
a 


To find the alternate Bafe, fay, 
Asthe true Bafe AB 9.0. 
Is to Sum of the two fides AC.CB 14.2; 
$o.is their diff. AF 1.0. 
To the alternate Bafe AG-r. 


W hich atk ace from ; AB. athe remalner is 
GB 8.5 the % whereof is oe 4.25. qual to EG. 
then to EG 4.3 add AG. 1e fumrs AE-<.6¢ 

4-25 y-05. 


ti 
thus have we two right ang! ed plain ‘Thianzles, ] 
wiz... ACE, CEB. in either of. which YW ¢ have .gi- 3 
ven the Hy pothenufal and Bafe to ary id the angles, 
which you nray effect by Cafe + £3 ith -and fifth of 
this Chapter. 
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(GS HOA Pai S20¥.. 


W find none amongft thofe who have publifhed!) 
J any thing of Navigation, except in 1 Mr. Nor— 
wood ; where the bufinefs o f Currents is tole rablyj| ; 
ne ndled. “And he himfelf hath omitted to fay any, 
thing Prefatory in order to the compleat under 
fk anding thereof. Upon which account I thoughttifins 
the enfuing Precognita’s might be ferviceable top 
fuch as are Curions. 
Firft, One and the fame Moveable may be agi - Ai 
ie by many different and oppofite motions att), 4: 
the fame time. For if a Man be Walking om) ,), 
Board of a Ship, viz. directly ae while thed) >». 
fame Ship is carried Weftward, he admits of twed) q 
f motions , add to thefe two, the motion of‘ the) 
mee ce Sea it felf round the Earth, then it is evidenttih \ip.«. 
He hat if the Sea, the Ship, and the Man do alli, 
move together, the Man admits of three mo: 
tions. 

“Secondly; When any Moveable admits of many 
motions, two things are principally to be confi 
dered. 

1. Lhe terminus a gi#0, OF the beginning of ting 
uo tern inus ad quem, or the end or 


motion Py 
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2) The line or way which this moveable de. 
{cribes, 


FIG, 43, 
i - 


As’ to’ the terminus 3 guo, and remninus ad GWE Pt 5 
let us fappofe any moveable to be carried fron 
A toB, and inthe mean time let the whole plain 
(upon which that motion is performed) ‘be: fup- 
poled to’ move direétly contrary to CG: If then 
the moveable body move with “the fame celerity 
towards B, as the whole plzin AB is moved tox 
wards C;' that moveable” fhall always remain in 
the fame place A. If the. moveable body «in paf- 
fing from’ A’to B, move more flowly than , the 
whole plain AB doth towards C, thenat hall: (as 
seamen ufually call it) lofe ground, or be carri- 
ed towards'C. Butif it moves more {wiftly to- 
wards 'B, than the whole plane AB doth towards 
C, then it gains ground, and is carried towards 
B; and always by the fame proportion of celeri> 
ty, bywhich the motion towards B, exceeds the 
motion’towards C, or'is exceeded by it... Laftly, 
If a moveable be moved towards B, and atthe 
fame'time the plain AB, upon which it moves, be 
carried ‘alfo toward§ Bs it is manifeit, the move- 
able in-pafling from Ato Bis carried more {wift- 
ly towatds B, than by its limple motion could be 
effected | 

As to the’ line which any moveable defcribes; 
) When it is affected with diverfe motions, -it.is: 
) fometimes a right line, fometimes the circumfe.. 
4 rence -of a Circle, fometimes a particular Seftion 

of'aCone, fometimes a Spiral” Ce. and there is 


Q 3 no 
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no Kind of lines which can be affigned,, but may 
be defcribed by certain compound motions. 


e Gone 


Let ABCD be a Parallelogram :. Upon the “fide 
AB. let'a Fly be fuppofed to move. equally from 
AtoB: And atthe fame. time, let the fide-AB 
be fuppofed to. move equally (with the Fly,,upon 
it) between the lines AB.DG. in, fuch manner 
‘that the fide AB in its motion towards DG: fhall 
always be parallel tothe fide DC. I fay, that the 
Fly by this twofold, motion defcribes the. line 
AD. yt 

Firft, ‘Let us fuppofe the motion. of the Fly and 
that of the plain to be equal,: ‘I hatis,; for every 
Inch the Fly moves from A towards B, let«the 
plain AB be fuppofed to move an Inch.towards 
CD,- and that thefe two motions be, performed:in 
the'fame'time :* Then it follows, that while. the 
Fly is moving from A‘to B, the plain ABius-mo 
ved from’AB to EF, ‘and the point,Biis moved to 
Ff herefore the Oblique line AF is the line which 
the Fly degcribes by that motion. ¢ i4 sy | 
Again?” fet us fuppofe the Fly to. moeve more 
fwittly ‘thanthe plain; that: is, in the funte-time 
that the Fly moves from A to I, let the plain. A 
be-moved'to GH. '-Then it appears thatthe mo- 
tion of the Fly is performed upon the lipeAH: 
Lattly, Let us fuppofe the plain-to’ meye:more 
(wiftly ‘than the Fly. 5 thatis, inthe farae time 
that'the Fly moves fram, A to B, the plain AB:s 


inoved to-DC, ‘and therefore the line “of, the Flies: 


cofpound niotion is AD, . And-here- note; ‘That 
| a the 


ithe point A ts called the Termizas 4 gino, and>th 
| point D, the 7 y OF NULII LS Ad Gus C7. 
This may fufhice for an [ntroduation tothe Ex- 


| plication of: t] he Nature of Currents’; and from: 


thence it is eafie to con celve, thata Ship failing 
'} where theres a Gas rent, hath a compound moti« 
On < rifling of two different Princi 
of the Current, and that of the § 
jthefe two proceeds: a third, 
| compound motion.  Thefe t 
| a y for diftinétion be thus called. 
The firft may be the way or fimp! 
Ness fe i the Current. 7 id, the way or 


limple motion of the’Ship ;. and the third may be 
wi 


w 


an) 


> ¢ 
iw mo- 


r ? 
t or } a la @ ¢£ 7 SRT SE i ' Cr “150 tf a] 
icalled the line of the Ship’s true motion 
fic 


Woen 


° 


? 

ie} Currenty- and t f : 

sj(as we fuppofe them ‘to be in all 
Problems) the third il : 
imay appear from Fig:’44. In which Figure you 
imay note, That if the li 


line AB reprefents the 
Ships fimple motion, and the line BD the fimple 
|motion. of the eatin and the line AD the 
Ships etn motion, then the eM BAD is 


C : 
e angle of Deflexio on, and the angle ADB 


e Eat Piih. x10N. 


icalled t 


ti 
tT] 1e ang! 
— ansZt 


~ 


PROB, 1: “Fig. 43. 
Admut a Current. runs Eaft 6 Miles an hour 
Aand aS Ship fails Welt directly again{t it 6 Miles 
Ran hour. [ demand her compound nidtion. 


-. ¥ 
i gh? 
2 4. Lol 
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Let the Current run directly aft from A to B, 
and the Ship dire&tly Weft from Bto A, it is evi- | i 
dent, that the Ship makes no way but ftands ftill 
in the fame place : For fo muchas fhe is forced!) 
forwards by the Wind, fo much fhe is driven: 
backward by the motion of the Current. There-:' 
fore, 


From the Ships simple motion——6 | 
Subtract the motion of the Current-6 Miles 


The remainer is the Ships motion-o ) 
PROB, 2. Fig: 43. 


Admit a Current runs Eaft four Miles an hour, 
and a Ship fails Welt dire@ly againft 6 Miles ami 
hour. I demand her compound motion. ~ 

It is evident that if the Ships motion exceedss|) 
the motion of the Current, the Ship advancethil) '\iy 
nearer towards B. Therefore 


Subtr. the fimple motion of the Current-4 


—— 


From the Ships fimple motion —--------- 6 
Mil 


Remains the Ships compound motion 2) 


A Current fets Weit 8 Milesan hour, and a 
Ship fails Eaft directly ag anit it 5 Miles an hour..| 
}demand her compound motion. , 


Here 


j . : 
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Here it is evident that becaufe the Current 
moves fafter than the Ship, the Current muft 
force the Ship backwards, tho’ by the Log line 
fhe appears to gain ground, Therefore 


From the Currents fimple motion--8 
Subtract the Ships fimple motion---5 Miles 


Remains the Ships comp. motion — 3 


And thus the Ship falls a Stern 3 Miles every 
hour. 


PROB. q. Fig. 43. 


A Ship fails Eaft 4 Milesan hour, upon a Cnr- 
rent, which fets Eaft 5 Miles anhour. ..1-demand 
her compound motion. 

Here it is evident, that feeing the motion of 
the Ship, and that of the Current are both: one 
way, therefore the Ships motion is accelerated by 
thatof the Currents. So that you muit 


Add the Currents motion ~--~:—-— 
Co theShips fimple motion-—-~--—~ 44 aya... 


That Sum istheShips comp. motion----9 } 
PRO B. Si hig. ae 


A Ship fails South 3 Miles ar hour, where there 
is a Current running Eaft s; Miles an hour. Ide- 
mand the Ships compound motion, and which 
way. 

Let 


Rit 


aes 


ee oo ot a ee 
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Let AB reprefent the Ships fimple motion, BD 
the Currents fimple motion, and AD the Ships 
compound motion.. Then in the Triangle ABD 
we have given AB 3, and BD 3, to find theangle 
of Deflexion BAD, and the Ships compound mo- 
tion AD. 

As the Ships fimple motion AB, 3- —+047712 
[s to the Currents fimple motion BD.5 -— 069897 
So is Raditis -———~ +++-— — 90.00 —1000000 


To Tangent angle Deflex. BAD.-5 9.024 1022185 

As fine angle Deflex. BAD—~-59.02—--993321 
Is to the Currents motionBD ——~ 5 069897 
So is Radius --. ~~ ———~ 90.00-T 000000 


To Ships:compound motion BD--5.8 Mil. 076576 

Hence it appears, that the Ships Courfe is 
SEBE 2°: 47"E, and her horary motion 1s 5. ,3 
Miles. . 


PR OW, 62". Fig, ae. 


A Ship fails Eaft 4 daystogether, by Log. 480 
Miles, where there is a Current. fetting all this 
while to thé Southward 23 Mileseach hour. I 
demand her angle of Deflexion and compound 
motion. 

To find how many Miles the Current hath run 
in 2days, multiply z4 (the number of hours: in 
ene day) by 24 Miles (the. Currents horary mo- 
tion) the Product 6o isthe number of Miles the 
Current fets in 24 hours. This 6o multiplyed by 
4. 
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4. (the number of days given) produceth 240 
Miles for..ghe ‘Currents motion. in 4 days; then 
fay, 

Asthe Ships fimple motion BD 480— 268124 
) {sto ;the Curr. fimple'motion BA 240~2 38021 
Sous Radius- ~~ 91965504 


OO009O 


To.tangent angle Reflex. BDA—26.33---9598097 


A ee —_ 


Hence the Ships Courfeis ESE 49.) 3"'Sotithward. 

As fine angle Reflexion BDA 26.33 — 992085 
Is'to: Ships fimple motion BD 480 Mil-268124 
So is, Radans: 2 ou 


‘To Ships compound motion AD 576 Mil.-276039 


PIE. 7. ie wa. 


A Ship-fails in 8“hoars from ‘A foie certain 
Cape towards Bbearing South 18 Mites by Log. 
in.a Current fetting to the Eaftward, and.then ob- 
ferving-the fame:Cape fhe finds it to bear WNW. 4 
[demand how faft the Current fets, and the Ships 
true diftance run. | 

Let A reprefent ‘the Cape, BDithe Ships drift F| 

| to the Eaftward - The Ship at D obferves the ] 
Gape A to bear WNW: then in the Triangle | 
ABD. wechaye given AB’38-Miles, and ‘the angle | 
ADB 22% 30° 


| ® 
4 : { 
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To find the motion Of the Current: BD. 


As fine angle Reflex, ADB 2122.30’ ~~ 9582839) 


Is to Ships fimple motions: AB r8 Miles2--1 25527 
So is fine angle Deflex. BAD 67.30 425-9965§611. 


OY em eIOP EDS 16 nets 


TYV27ZO$B 


ow realty Serna ee 


To Currents.fimple motion: BD)43.6 Mil+ 163805; ) jail 


Hence it'appears, that: if; the Currents fimple 


-motion be 43.6 Miles in 8-hours, the-horary rate: | :| 


or driftthereof muft be 5.-+5 Miles. 


To find the Ships Compound motion AD. 


As fine Angle Reflex. ADB 22°. 30° -- 958283)) 
Is to Ships fimple motion AB 28 Miles:i12§ 527", 
So his Radius, --~--~,.2--++ +++ = 90100 ““1'600000)}) i 


Wlors eee Nee ere ere ' ania 


Yo the Ships comp.motion AD 4-7 Miles:-165244 


err ere er ‘ 


PR OB: 8. © Fig:igs. 


Admit AB,CD reprefent the fides of a.River), 
jet A reprefent one place:on this fide; randyC ano- 


ther place on the farther fide, let their diftance: ||» > 
be 96 Poles, Yards, ec. letthe Courfe from A to»), ,.; 


Cbe NE!E), and let the Current in this River’ } 


drive directly Eaft,3; Miles every hour ; then if a 
Boat row from A towards Cafter the rate of < 
Milesan hour; I demand upon what point of the 

) Com- 


) 
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Compafs the Boat fhall row, how faft, and in what 
timeto go directly over. 

The fides of the Triangle ACD are Suppofiti- 
tions: Therefore, firft, fet the Currents fimple 
motion. 34 Miles from C to D. From C with the 
Chord of 60°. ftrike the arch EF, then becaufe 
SW: W (the oppofite point tothe Courfe given) 
isa iz points, or 129°. 23', fet 129°. 23° from F 


| to, and draw theline CEA. Laftly, with Sz 


| Miles fet one foot in D, and with the other crofs 
| thelineCA in AanddrawDA. Laftly, From A 


draw AB parallel to CD, fo fhall ACD be the an- 
gle of Deflexion, ADC the angle of Reflexion, 
and the angle CAD may be called the angle of In- 
cidence. # lfo CD is the Currents fimple motion, 
and AD the motion of the Boat. 


1. Yo find the angle of Incidence CAD, 


As the Boats fimple motion AD 5} — 074036 
Is tothe fine of Reflex. ACD 129.23—— 0988813 
So is the Curr. fimple mot. CD 3: ) 


1043219 


To the fine of Incid. angle CAD 29.28 ~ 969183 
Which added to 4: points, er 50°, 34' makes 80°, 
o§'. Therefore the Courfe from Ato D is EBN 
1°, 20’ Eaftward. 
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To find the Diftance AD. 


Fromithe Quadrant IK 90°. co’, fubtract’ the 
angle LAG 80°, os’ the remainet 09°. ¥5' Is the 
angle GAK, which by 27. 1 Exc.-is’ equal to the 
angle of Reflex. ADC. 

As fine angle Reflexion ADC 9°. 55’ 923667 
Is to diftance 96 Poles, @c.- ~~ 1 9822.9 
So is fine of ang. Deflex. ACD 129.23----98887 


1187040 
To Boats fimple motion AD 431 Poles---263433 


Sere ane, pee ene 


To find the time required. 


Seeing that 320 Poles make a Mile,‘and- the 
s horary motion is 51 Miles, therefore 320 
multiplyed by 5.5. produceth 1760 for the num- 
Poles which the ‘Boat runs every, hour. 


Therefore 
As thé Boats fimp. hor. motion 1760--3 
I 
2 


o 
20 
eS 
> 
— 


° 


Is to 60 (the minutes in one hour) - 
So is the fimple motion before tound 431--26343 


ze 


> time required in mina 
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PROB. 9. 


To find wherethereis a Current at Sea, which 
way it fets, and how faft. 

This may moft conveniently be done by ¢om- 
paring the reckoning outwards, withthe reckon- 
ing homewards, after this manner. 

Admit a Ship fail from.a certain Port (either 
upon one orupon feveral Rhumbs ) till fhe arrives 
ata fecond, and there find by her dead reckoning 
that fhe is more Southerly than the Port from 
whence fhe departed by 432 Miles, and more 
Wefterly by 234 Miles. But by her dead reck- 
oning homeward, when fhe arrived at the firft 
Port fhe found fhe was 432 Miles to the North- 
ward of the fecond, and to the Eaftward thereof 
345 Miles: Then let us fuppofe fhe failed from 
the firft Port to the fecond in three days time, 
and from the fecond to the firft in s days, I de- 
mand which way the Current — fets and how 
faft. ) 

Becaufe the Eaflward diftance homewards did 
exceed the Weftward diftance outwards, fubtract 
the one from the other, namely 234 from 
the remainer 111 Miles, is the motion of 
Current Weftward. 

ence it appears, the Current fets to the Welt- Lal 
ward 111 Milesin 8 days time, which is almoft 4 
14 Miles a day | 4 


345 
45 
the 


5 


CHAP. 
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CH Ace nels 


A Collection of jundry choice Problems 
in Plain Sailing. 


PROB.1. Fig. 47. 


HERE are two Ships under the fame Meri- 

dian, the firft in the No, Latitude of 50°. 
oo. the fecond inan unknown No. Latitude ; 
when the firft Ship had failed 38 Leagues between 
the South and Weit, and the fecond 56 Leagues 
between the North and Weft; they both meet, 
their Courfe being 6 points afunder, I demand 
each Ships Courfe, and in what Latitude they did 


mect. 


GEOMETRICALLY. 


Drawthe line BAat pleafure : Makethe angle ; 


BAC 67°, 30!, fet 88 Leagues from Ato B, and 
26 Leagues from A to C, draw the line BC, 
which fhall reprefent the Meridian from whence 
both the Ships departed : From A draw AV per- 
pend. to BC. fo fhall BO be the firit Ships differ. 
Laiit. OC the fecond Ships differ. Latit. and Al) 
fhall be the departure, common to them both ; 
alfo the angle * B!> fhall be the firft Ships Courfe, 
and’ ACD the fecond. 


LOG Ae 


The Art of Navigation. 2A 


LOGARITHMICALLY. 


As the fum of the 2 fides AB.AC 144. 215836 
iis to their diff. ace 150515 
jSo t. 2 fum ang, B and C- ~—-.. 56. 15 1017510 


90 eneemenigttienincnsge ni 


EFS 5 


Feot. } their dit. fo°, 24% <20sr Ae 952189 


|Which added to the? Sum 56°. 15’ makes the 
|greater of the two unknown angles, wiz. ACD 
74°. 39, and fubtracted from the! Sum, leaves 
ithe onete ABC 37°. 51°. 

As Radius fine angle ADB 90°, 00’—1000000 


Isto diftance run AB 88 leagues —. 
}S0 is fine angle BAD 52°. o9’ —--— —— > Sera 
| To diff. Latitude BD 69.5 leagues -——-- 784189 


nee it appears the firft Ships Courfe ig SWBS 
.6 W. 
As Radius fine angle ADC 90°, 00’ 1900009 


i Is to diftance run AC 56 Jeagues--- 174818 
}So is fine of the Co urfe, ng.C “AD Chet “94237 7 


'To fecond Ships diff, latit. CD 14.8 8 leag.-1 I 7295 
Hence it appears by 1. and 2. Rule x. Page 179. 
)that the Ship is in the N°. Latirude of 46°; 32 
and that the fecond Ships Conrfe is WBN 
| Northwards. : 
Note, The Triangles ADB; Ab . are right 
a) 


1 
DY 
7 
i 


] 


Ae 1 
jangled at D, therefore if the 
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be known, fubtra& it from go°. the remainer is! 
the angle BAD 52°. o9': Alfo ACI) 74”. 39° fb- 


tracted from 90°. co’. the remainer is CAD)! 


15% 2. 
PROB. 2. Fig. 48. 


A Ship fails from the N°. Latit. of 5 3°. oo uport| 


fome Rhumb between the South and the Weft, till)” 


her diff. latit. be 25 leagues, and her diftance rum} ; 


and departure be together 84 leagues. 1 demandi) 
them feverally and the Courfe fhe failed. 


GEOMETRICALLY. 


Draw. the line AB, upon which fet the diff! 
latit. from Ato B, craw BC perpend. to ABy, 


and fet 84 leagues from Bto C, then draw thes), 


line AC, which you muft bifeét by the line DE,,|""" 


then draw the line AD, which fhall be equal tay} °” 
the line DC, fo fhall BD be the departure, andi) * 


AD the required diftance run. 


LOGARITHMICALLY. 


. As the fide AB 25 leagues- ——~- -—- 1397944q) | 
Isto Radius fine of 90°. 00- -———- —-- 100000Ga (Mu 
So is the fide BC 84 leagues----—- —-~- 1924270 


ee 


To tangent angle BAC 73°. 26 ----= =e 105263 gail 


Which fabtraéted fiom 90°. oo’, the remainer 189) jj)... 
the angle BCA 16°. 34’, but the angle BCA iss) ji, 
equal to the angle CAD. becaufe the two fidess} ,, 


AD)}; 


De {Ninn 
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AD. DC are equal, therefore from theangle BAC 
73°. 26 fubtract the angle DAC 16°. 34’. the re- 
mainer is the angle BAD 56°. §2', ot Ships Courfe 
from A to D, viz. SWBW o°. 37’ W. which al- 
fo {ubtracted from 9.°. the remainet is the angle 
ADB, viz. 33°. 8. 

As fine angle ADB 33°. 08 shor OF FG 
Is to diff. Latitude AB 25 leagues--———1 39794 
So is Radius fine of 90°. oo’ — 1006000 


To the diftance required AD 45.79 leag.-166028 


—_——- 


= 


— 


Which fubtracted from 84, the remainer is 38. 
25 leagues the departure required. 


PR.O.B. 3. Fig, 4. 


A Ship fails upon fome Rhnmb between the 
North and Eaft,fo that for every 86 Miies flic de- 
parts from her firft Meridian 38 Miles, the lati- 
tude fhe came from being 48°. 30’. Idemand the 
Courfeand diftance fhe muft jail to come into the 
Jat. of . 50% 


GERUMETRICALLY, 


Projectthe Triangle ABC, making BC 58 Miles 
and AC 86 Miles, thenby 1. 3. Rule in Page 180. 
find the diff. Jatit. between 50°. 00’ and 48°. 30', 
whichis 1°. 30’ or go Miles. Set go Miles trom 
Ato D, draw ME parallel to BC, and continue 
the line AC to cut LE in E, fo fhall AE be the 
diftance, and the angle DAE» the Courfe re- 


quired. 
R 2 LOG A- 
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LOGARITHMIGALLY. 


fs the diffance run AC $6: Biles —— 193449 


Is to Radius fine 90°. oo- -1000000 
So isthe departure BC 58 Miles. $— ——_-—~I 79342 


- Haw e eet ey 


To fineof the Courfe angleB4C 42°.25 992893 


ee 


Fherefore-the-Courfe is NE 2°. 35' Nortiward. 


--stine of the angle DE * 47°.35 — 9868209 
Pa cre dh ge rts : , 
Is to diff. latit. Al» oo Miles 2 -——--—— ~— 195424 
So is Radius fine of 90°.00'---——— —- 1000009 
ee fo ft. é > i 
Yo the d:it uired f Evr92 M 208694 


POR Ou, Ao Se so. 
A Pilot failing towards the Eaft hath forgot his;}” 
Courfe, yet thus much he Knows, that if he had) 
‘failed upon his true Courle rO8 leagues, he fhouldi| 
have raifed the Pole 2°. s1andhave been as much) 
more diftant from the Meridian than now he is,, 


and alfo fhould have been 57 Minutes more Nor-|,,). 


therly, I demand the Courfe, diftance and depar—| + 
ture. ; 


Cee MSE ker Phe 2 


Finifh the Triangle ABC, in peannae fet the diff!) 
latit. AB be57 leagues, and tl ‘ diftance run AC) 
108 leagues: T hen fet 16 ) (the leagnes in 57 min. 
from B to Dy draw LC E parallel to BC.” Bifecty 

“€C in F;-and from F draw-FE parallel to ABS 
Laftly 


— 


ae? 5 8°. 


een 8 


Laftly « 


diff. 


LOGARITHI! 


As the diftance run AC io 


3 > ee Bs _ 
isto adn IS fi 
T 


To fine of the 


ne of go° —~ 
If, AD §7 leagues .-—— ‘1 


Which fubtracted from 90°, 


SPatward. 


d A } Lak line of 90°. 3 


So is fine 


melor 


og',therefore the SI} 


of the Courfe, angle 


08 leagues-- 


{yr 
4 


ups Courfe is ! 


T\A 
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draw the line AE, dofhall AD be irae Ship 


. datit. DE the de sparture eand A 
{tance run required, 


angle ACD 31, 51. 


; 
~ 
O ° 


AE the § 


oe bt yY. 


AVES, Be, 


oC 
ow 


A 
4. 
1 


5 


hips di- 


=r 1 000000 


Is to diftance run AC 108 leagues--—— 2 


De ge LC a 


co) 


| To the Ships departure BC 91.74 leagues. 19 


. a 


i Is to Rac 
| So Is BC 45- 8+ leagues-- 


he+ of BCo1.7 


soma ice 57 
19 league 


minutes 


Then inthe triangle ABE { fay, 


pia 38 leagues 


lus ——- 


| Tot. of the Courfe ] 


oa ox 


3AC 50°. 2 


4is 45.97. ¢ 
hse 


s from Dto Bf > fh: 


Le: ag ues 


. 


ill A 


canna eS 


62 54. 


: 

equ:l to DE, then 

i “bine 
oe 19. and fet 

> a 

be 38 leagues. 
“= - 1000900 
LOG TEs 
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Asthe fine angle RAC 50.22— 988657 
Is to departure PC 45.87 leagues- 166152 
So is Radius fine of 90.0 —- — ~~ 10C000O 


eee rn 


To the diftance required AC 60 leagues--177495 | 


Therefore the Courfe from A toC is NE 5%. 22’ 
Ealtward. 


PROB, g. Fig. 51. 


Two Ships, the one failing between the South 
and Eaft o4 leagues ; the other between the South 
and Welt 68 leagues, their Courfes being 5 points |. 
afunder ; then if the Eaftermoft Ships diff. lati~ |. 
tude be 36 leagues more than the Weftermoi |. | 
Ships diff. latit. | demand each Ships Courfe, their 
bearing and diftance afunder. 


GEOMETBICALLY. 


Draw the line BA. make the angle BAC 56°. 
ts’. fet 68 leagues from A to}, and 94 leagues 
from Ato C,and draw BC. With 36 Leaugues 
in your Compafs, fet one feot in C and ftrike the 
Arch E, and from B through the higheft point in 
the Arch E, draw the line BE, which fhall be an 
Eaft or Welt line, alfo draw EC and AD, per- 
pend. toBE, fo fhall CE bea North, and AD a | 
South line, the angle BAD fhall be the Wefter- 
moft Ships Courfe, and DAC the Eaftermoft : 
Laftly theangle ABC (hail be the bearing, and BG 
the diftance between the two Ships. 


wh 


) {s to their difference 26 leagues 


LOGARILAMIOALL Y, 


As the Sum of the 2 fides AB.AC 162--2200951 
=== 1 414.97 


| So is t. + Sum ang. B and C 619.52’ .—— 1027189 
1168686 
Pot. + their diff. 16%. 42’— —— - 947735 


| 


| To fine ang] 


| So is the fine of the angle BAC 56° 15'--991984. 


ta ee a 


wi! Which added to the * Sum, m WF theangle A 


78°. 34’ and fubtracted from 
ACB 45° 


Td the a “ase 


As fine of the angle ABC 78>. 34'------ 999129 
Is to diftance run AC 94 leagues ---—-~--- 197312 


To the diftance BC 79.7 leagues —---—— 190167 
\s the fide BC 79. 7 leagnes- ---——--- 19016 
Is to Radius fine ans gle BEC 90”. 00’ 1000000 


So is diff. latit. CE 36 ieee 


~Se MT SEO 30 


er eee a ee 


e CBE 26°. Pa o- : “965493 
ers le ‘the Courfe from B to C 1s ESE ge. 


: s the angle ABD gr. 
44.. this fabtracted from gO”. the e remairer is 
BAD 38.16. Therefore the Courfe from A to B 
is SWBS Fi 31'W. Laltls eal BAD 38. 
AC 56°. 19/, the remainer is |. AC 17°. 

i 595 


16' from B 
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oe 


+ eee ae a yar ae 
- . ” . _ 
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59',and confequently the Eaftermoft Ships Courfe 
is SBE 6°. 44’ Eaftward, | 


PRO B.6. . Fig. 52: 


There are three Ships of equal diftance from 
one Port, and bound for the fame place : The 
Eaftermoft is diftant from the middlemoft 96 
leagues, and bears SEBE, the middlemoft is di- 
ftant from the Eaftermoft 80 leagues, and bears 
SW fromher. Idemand each Ships Courfe to 
the Port, and how far they are diftant from 
it. | 


GEOMETRICALLY. 

Dyaw an obicure line as BE to reprefent a South 
line: Draw the SW line BC, upon which fet 80 
leagues from Bto C: draw the SEBE line BA, up- 
on which fet 96 leagues fromBto A: Thendraw 
CA, which fhews the bearing and diftance be- 
tween the firft and thirc a 

>e pe 
pre 


h ints ABC ftrike a Circle, 
re 


1 Shi 
St 1S, 


Th eanoh ¢he , 
1 nrough the three p 
whofe Center D efents the Port requited - 
Laftly, draw the Semidiameters DA. DB. UC. 
urhy hall he the cdiGanre nf each syvy t+ 
which fhall be the diftance of each Ship from the 


Port. 
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LOGARITHMICALLY. 


|As the Sum of the 2 fides BA.BC 176 L.--224551 
iIs to their difference 16 leagues-- — 120412 
)So is t.2 Sum of the ang. BAC.BCA 3 39.22-991 404. 


IITLISIG 


Tot. their difference 4°. 16'--——--88 7265 


Which added to the 3 Sum makes the angle BCA 

43°. 39’.and fabtracted from it leaves the angle 

BAC 352.06’. Therefore the Courfe from C to 
A Is EBN 0°. 53’E. 

AS rie of theangle BCA 43°. 38'- — 983887 

Is to the fide AB 96 ‘Teagues——1 98227 

So is fine angle ABC 101% 15'——— 999157 


ee eens 


1197384 


ee 


a O the Lic de c A I 36 6 aPu les or ae 213497 
Which is the diftance between the two Ships A 


By 20. 3. Enc. the angle ADC is double to the 
ingle » BC, which is 101°, 15’, therefore the an- 
gle ADC Is 202°. 30’, which fubtracted from 
360”, ¢ os the remainer is the an: gleCDA, viz. 

Wts7 , but becaufe the fides > -.1-C are equi , 
i fore. the angles apna DCA are equal. 
Therefore fubtract 157°.30 from 180%. 00, the 


remainer 18'22°. 3 
11.15, or ACD. 


| of ee. a ee 
0 4 etioveor is the angle CAD 
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Las 


As fineof theinter.ang.CDA 157°.30 ~ 958284 
{Is to the diftance CA 136 leagues—-——21 3497 


$0 1S {ine angle DAC I 1%, I 5 nt mtn ne en 929023 
114.2520 
To the fide DC 69.56 leagues —- -—-—- 1842 36 


Which is the diftance of each Ship from the Port. 
w% To find the Courfe from Cto D, the angle 
BCD is 43°. 38’ which added to 11°. 15’, the Sum 
is 54°. 57’ from the NE line Eaitward, therefore 
the Courfe fromC to D is ESE 1°. 22’ E. 


B. rae 
PROB.7. Fig. 33. 


Two Ships fail from two feveral Ports being 
both in one Parallel, and go leagues afunder ; 
the Weftermoft Ship fails NEBE, the Eaftermoft 
Ship fails upon fome point between the North and 
Weft, and thenthey meet : If the diftance run of 
boththefe Ships be together 136 leagues, I de- 
mand them feverally and the Eaftermoft Ships 
Courfe. 


GEOMETRICALLY. 


Draw AB, fet 136 leagues from A to B, make 
theangle ABC 33°. 45',and fet 90 leagues hom B 
to C,then draw the line AC: Bifect the line AC in 
D by the line DE and draw CE, fo fhall AE.EC 
be equal to each other: Therefore BE.EC (Fall be 
equal to AB: alfo BE fhall be the Weltermolt 


Ship’s diftance, the angle BCE the Eaftermoft )/)\ 


Ships Courfe. Laftly BC is the parallel they de- 
parted from. 


LO- | 


= x, — 
Perec des Seri ee 
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LOGARITHMICALLY. 


[As the Sum of the two fides AB.BC.226—2 35410 
Is to their difference 46 leagues- -—-—— 166275 
y {So is t. + Sum ang. BAC. BCA 73°. 07 “1051783 


|To t. § their diff. 33°. 55 —-—- -—-—— 982648 


) Which added to the 1Sum 73°. 07’ makes the 
jangle ACB 106°. 58’. and fubtracted from it leaves 
|BAC 39°. 16’. But the angles EAC. ECA are 
~fequal, becaufe of the equal fides AE,EC, there- 
| fore fubtratt ACE 39°. 16’ from ACB 106°, 53, 
¢} the remainer ECB is 67°. 42' Laftly add the an- 
it gles EBC 33°. 45°, and ECB 67°. 42, together 
_() their Sum willbe 101°. 27", which fubtracted from 
180°, 06, the remainer is the angle BEC 78°. 33. 

As fine angle BEC 78°. 33°——- ——— 999127 

) {s to the Parallel diftance BC 90 leagues—195424° 
| So is the fine angle EBC 33.4.5-— 974473 


weer 


1169897 H 


= 


:| Yo the diftance required EC 51 leagues--170770 
Which fubtracted from 136 or AB, the remainer oe 
“dis BE 85 leagues for the Weftermott Ships di- 
‘| ftance run, phe the angle ECB is the Eaftermoft b| 
4 Ships Courfe, vit» NNW: 0°. 12) Ne. 


-_ 
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PROB. 8. Fig. 54: 


A Ship fails between the South and Weft tilfi| 
her diftance run be 86, leagues more than hep} 
diff. Latit. and 54 leagues more than her depar—| pier 
ture, | demand her Courfe, diftance run and de--} yi 


parture. 
GEOMETRICALLY. 


Draw the line AD, fet 86 leagues from A to B,,| 
and from Bto C, and 54 leagues from Cto (», 
upon C erect the perpend. CE. Bife& AD in O, | 
from O ftrike the Semicircle to cut the perpend..|” 
CEin E, fo fhall CE be an Auxuiary line. Theni}. 
draw.the line EH, fet 86 leagues from EtoF,,) 
and fet CE from F to G, and from E ftrike the:) ‘"'' 
arch GI. Alfo fet 54 leagues from G to H, and.|):" 
from H ftrikethe arch F!. Laftly draw the lines;}“"! 


ELHI, fo fhall El be the departure, HI the diff; 


of Latit. and EH the Ships diftance run. 


ARITAMET ICaaL LY, 


Multiply 172 (the double of 86) by §4, out} Wij 
of the product 9283 extract the fquare root,,} 
which here is 96, fo fhall this fquare root be the: ti 
length of theline CE: Therefore 86. 96. 54 ad--| 
ded together, make EH the diftance run 236 : 
From which fubtract 86, the remainer 150 is Hilf} 
the diff. latitude, and 54 fubtracted from 236,,% 
gives EI 182 for the departure. The Courfe may 
be found by Cafe 6. of plain failing, 

PROB. | 


awe oe ston Asse 
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PROB. 9.. Fig. 55. 


Two Ships fail from one place, the one fails 
SBW, the other WSW, and arrive at two feve- 
ral Ports: The Wetter moft Port bears from the 
Faftermoft NWBN, then if the diftance tun of 
both the Ships and diftance between the two Ports 


be together 130 leagues, I demand them ‘feve- 
rally. 


GEOM E ARIGAL DY, 


Draw AB-for a SBW, -and AC for a SW line, 
and becaufe we have no fide given in the trian gle 
we will fuppofe the fide AB to be 100, leagues : 
From B draw'a NWBW line, fo have you finith- 
ed the triangle ABC, havi ing tes angles equal to 
the angles given in the Que {tion, but its fides are 
fuppolititious. 


LOGARITHMICALLY. 


As fine angle ACB 107°, He moneeersirat OC) Se 
Is to fide AB 100 lea PUES as = 2.00000 
So is fine angle CAB 37-4444 ____. ~ 974473 


To the fide BC 56,6 55 leagues ———- — 175316 


rr nt te ey 
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As fine angle ACB 101°. 15'- ~~ 99919 
Is to fide AB 100 leagues — ——-—— 200006 
So is fine angle ABC 45°. o6— ————— 98494¢ 


To the fide AG 72.01 leagues ~~ —- 1857911) 


| OY Ae oe eS 


The Sum of thefe three fides AB. BC. AC it 
22.66 leagues, which exceeds 130, thereforee) 
fay by 


Natural Arithmetick. 


AB 
If 228.66 —130—-100 
100 


IF Nene 


323.66 |.13000.0000 | 56.85 AB, 
114330 


erent SS ST 


t'§6700 
37198 


195040 
182928 


oo 


I21129 
114330 
6790 
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If 228.66 -- 130—-56.65 
130 
169950 
5665 
228.66 { 7364.50.00 
685988 


32.2@ BC 


= 


5047 
45732 


ee 


4.7380 
45732 


: 16480 
If 228.66 —— 1390—— 2,01 


130 


es AC, 
9361.300 | 40.94 feré, Bi 
91464 


£214900 
20§794 


228.66 


Sum 
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Mr. Richard Norwood in his Doctrine of Trjan-~ 
gles, Page 135, has laid down certain Problems, 
which being of ule to our Seamen, I thought fit 
to infert in this place, ,. 

A Ship failing to windward, will ufually he 
within 53, or 6 points of the Wind, yet by rea- 
fon of her Lee-ward: way fhe will fcarce make 
her way good within 6; points of the Wind, fome- 
times more, fometimes lefs, according as the Sea 
is rougher or fmoother, and according to the 
Mould of the Ship, and fail fhe bears : Sothat in 
failing to a place directly to Windward, fhe fails 
ufually three or four times the diftance of that 
place before fhe arrives atit. Eutif the place 
to which fhe fails be not dire@tly to Windward, 
but within a Point, two, three, fcur, five or fix 
points of the Wind; then tho’ fhe turn to Wind- 
ward, as before, yet fhe will fooner arrive at the 
place than before :. But how, and in what pro- 
portion, for the one, and for the other may ap- 
pear by. thefe enfuing Problems. 


* 


P RO; Bo-to. Fig. 56. 


Let the pofition from A to B be South 86 miles 
and the Wind at-South. Then fu ppofe the Ship 


intending to fail-from A to B, make her way jf 


3°.of the Wind, which is almoft 


5 


smand\how far fhe muft fail upon 


gocd within 


6; points, I 


one Tack, and how.far upon the other Tack, tori 


° 
Aerie 3 

Ay | 
Gi Live ae 


es 


in thisFigure AG isthe Ships way, fo near the 


Wind as fhe can lie, the angle BAC is-73°% and 
3 =>, ain ties me Be me ’ ead 

the angle ABC is equal tort: TheSum of thefe: 

two) 


— * 


eS 
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two angles A and B is 146°..06 which fubtr acted 
from 180°. the remainer is the angle ACB 34°: 06 
Cherefore fay, 
As fine angle at C 34 ~~ 974.756 
Is to the fide AB 86 Miles —~. -++-- 193449 
So is fine_of the angle at A 73°. 09 ——— 998059 


8) 2 
i OO wets wean 


To the fide BC [4.7 Miles —— 


But the fide FC is equal to the fide AC... T heres 
fore the Ship mutt fail 147 Miles with her Lar- 
bord Tack aboard, and as much with her Star- 
board Tack on board. 


R-O-B.> 91. Fig. -97: 
2 97 


Admit the diftance from A to E be: 96: Miles 
SW. the Wind at South an id let the Ship mak 
her way good within 70°. of the Wind: I den nats 
the diftances AC; and CE, that is the Ships way 
by dead reckoning upon the one Tack, and upon 
the other. 

Here AB reprefents a South line, or point. up- 
on wh ich the Wind blows, the angle B BAC is 70’. 
0. from which fubtraé the angle BAE 4 points, 
or 45°: the remainer 25°. 00 is the angle EAS 
Alfo the compt. of 70°. is 20°. which doubied: 1s 
40°. for the angle at C. and by adding thefe two 
angles, nomely EAC ra 06 and ACE 40°. the 
Sum 65°. 06 is the angle AEB by 32. 1. £uc. Then 
in the triangle Pay we h ave given the fide AE 
96 Miles. the angles C 40°. and AEC 119°. 00 

S (the 


¢ rat} a i >. 7 
2248 Lhe Art-of Navigation. 
4 - = 
(the '¢ ty me of AEB to 4862, @6.) to fird the fide: | 
ACCES Phere fore fay , 
ait fos angle ACE 40°. 00 ~— 980 8ec 
Ts to fide AE o6 Miles supreme Kise 
So'is fine angle AEC 11s°yod 99572" 
119395: 
Fo the-fide AC 135. 3 Miles 21314x 
As fine angle ACE 40°. 03 9Q8o08or 
is to fide he AE 66 Miles it L985! 
epee go gee Ay Shy A: oO 9 13 7 
NOI NAC AWE IC BA 25H '°CO 9625 9. 
To the fide EC 63 Miles 116082 
i Bc O] 
Thus if Lp ays, tpat LO fail from A CO it 
whichts SW os° Miles withthe W inc t at Souchh 
and ito make her way gaod debi 40°! €6 of ‘th 
Wind. thecShip imuft faily with hereLarboar 
Vackec ‘abe ard 13§. 3 Miles, and withher:. Star 
board ack ( on board 6 63 liles : Her Courfe fro 
A toc] WS W : » W. and from Cote 
her‘ ar: Ps ; EBS 8°. 45’ Southward, or ESE 2 
46 Eaftwatd: 
Ef you defi ‘e more Queftirons of thisnature, f 
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L, the diff. } lo ae 74, miles, or 1° EL So 
that by the Chart the Ship is in the North latit. 
of 49°.19’, and Eaft longitude of 21°.-11.. vz. at 
the point; L, 

There are three feveral ways in nfe amongtit 
Seamen for folving Queftions of this nature, both 
Arithmetically and Geom ally,.. which here 
not for necefliry (for hlcok upon them ail to be 
unneceflary Follies) but to gratifie all weil-wilh 
ers to this kind of Learning, I have here infert- 
ed them, with fome fhort Notes 1 ‘la ing CO 


hon 


NOTE 


Lhe firft way is done by t king the half of the 
latit.you came from,2 and the 2 of that latit. you are 


come into, to both thefe, add 5 o6 and feek 
tract the 


4s 
for the tangents of their two Sums, Subtr 
th 


tangent of the lefler arch, from the . range nt of the 
> greate 
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contrivance (whoever was the Author of it) is 
not altogether contemptible, becaufe it is Geo- 
metrically fo difpofed, that you are to find two 
like triangles; in the former of which we mutt 
always have two parts-given, zz. theCo-fine of 
the middle latitude, and tangent of tite Courfe ; 
and in the other we mutt always have given ci- 
ther the diff, latit. or diff, longit. to find the re- 
fponding proportional part. 

To find the middle latitude, you muft always 
add the’ latitude you came. from, to the latitude 
you are come to; } that Sum fhall be the middle 
latitude. 


GHOMETRICAULY 


tr. From C oie the circle DAE, draw the di- 

ameters DE.AK at right angles to each other. 

“prt = (wi ith ‘the diftance AC), ftrike the 
eek oo the angle of the Courfe from.C to B, 
and dra Est ye line "ABL to cut the diameter DE in 
O. Set the diftance run from A to L, and draw 
LK parallel to ME, fo fhall AL be the diftance 
run, AK thediff. latitude, and KL the depar- 
ture. 
8. By To Rule 1 Chap. 12. din 

199, 16, W which added to the latitud 
makes 97°. rd the 3 whereof, viz. 48°. 3 
iddle latitude. . 
4. From the line of Chords take 48°. 35',, and 
fet the fame from [> to’ F and ni and ‘draw the 


+ @ >) a 1S perme > , T. 
line FG'to cut VE in B. 


i ° 
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s. SetCH from C tol, a ruler on Land O 
will give the line ION. Laftly, make IM equal 


to AK, and draw MN parallel to DE, fo fhall MN 
| be the diff, longitude required. 


— 


LOGARITHMICALLY | 


As Co-fine middle latit. HF. 48°. 35’- eh 
5 


: 7 ) 

Is to tangent of the Courfe CO 33.45 ~-982489 
So is the diff. latitude IM—— 70 miles—-1 184500 
I 166989 


Seer Cae 


Yo the diff. longitude MN -—— 71 miles—184935 


OO ere ST Ba 


>) 


NO, Toks.o Bp 73. 


This third way (which really depends upon 
that of middle latitude) fhe ws us how to find the 
peels enlarged Geometrically, thus. 

By Cafe 1. of Plain Sa tling, finifh the trian- | 
a ABC, in which. AB isthe true diff. latitude, BI 
AC the diftance ru im, and BC the departure. 4 

2. By Note 2. find the middie latitude, which 4 
ferfrom DtoF, and draw FG perpendicular to 7 
ee! 1 

. From A with the diftance AG, ftrikethe arch 4 
GI > bifect the diff. latic. AB in H, and fer AH | 
from G to I, then draw the line AIK. 

4. set DK from A to L, and from L to M, 
draw MN pars allel to. BC,. fo fhall AM be ‘ie ilk a 
latitude enlarged, and MN the diff. longitude re- H 
quired. Hh 
LOG! | 
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«> 


3. From Hl draw GF parallelto AB, to cut the 


| line AL continued in F, apply AF apon the auxi- 
H Ws 
' 


liary line from E tol, fo fhall bi-1°. 24'-be the 
| aiftance requirec . 
By the Artificial T angents. 
Take the.* of each latitude, and tot add 49°. 
th 


1en fink e tangen nts Bt thele two Sums. Sub- 
it 


“ the great 


is divi ‘led by ¥ 1267, the C NOtient ro 


tit enlarged. 


Set the diff. latit. enlarged, wiz. 105 miles from 
Ato D: Draw DE perpend! 7 
Rule io. Chap.12. findthe diff. longit: viz 

ly from D tok. Drav the line 
AD find the angle 


:~ 


caemennnmnente 
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As fine-angle ACB 5S ES) cepstral 084 
Is to true diff. ae AB 70 miles- -~-—- -184509 
So'is Radius fine of 90.00;---—-- _ --- LOGOGCO 
To the diftance run 84 miles— ~————-- 192516 


By middle Latitude. Fig. 72. 


Strike the circle, and crof{s it with two dia- 

meters D-.AK, at right angles to each othe: 
through the center C. 

2. Set the diff. latit’ given, from Ato K, and 
draw KL perpend. to AK. 
3. By Note 2. of this Chap. find the middle 
rete which fec from.D, to FandG; draw 
tocutDE in Hs fet CH from Cte J, and AK 
rom |to M: Dra w MN parallelto DE, and fet 
‘he diff. longit. given from M to N, and draw.the 
IN to cut DE 1n.O. 
Lay a Ruler upon AandO, and draw AQL | 


oi i 
Q) ct 


i a fess, ie 
foie: 
ap! 
>) 
= 


ro cut KL in ] L. fo fhall AL bethe di tance requl- 
ved, and KAL the angle of the Courie 


LOGARITHMIGALKL Y; 


eae 1 latit iM eat i ae ee 
Be) hak U Gti ld ic, ALY i 98 Se) + OLS oS. 
j > rne ai ongit VIN ‘an ie | miles- a cre 1* aoe 
ox , higytbe 2Yad i diana SAO35 
: are “NJ ¢ i hie a aes 
AD is L Y-{h middle latit. Ci 4. >, Wee eT 902054 
AE Satan 8 te a (as el f 
30 tangent Gourfe GO 23°. 45 2°%7 -] 16698 4. 
/ zfs : 
Q 
98248: 


1 ile 
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Then in the right angled plain triangle AKL, 

| we pase given the diff, latit, AK, and the angle 
| KAL to find th » dilta nce AL, fay, 

re fine angle KLA 56°. 15° am OOO TOS 4 

| Is to diff. latitude AK'70 miles-——-—- 184, 500 

| So is Radius fine of 90.00 —~ 

Tothe diftance required AL 84 nines lg Sas 


et tee cnr 
Sena 


By. difference of Latitude enlargea Geometrically. 
j Qo aa 
FePGS 43 


Draw ee fet the diff. latit.in miles from 
A to B, draw BC perpen. to AM. 
2. Find the middle Jatit. by Nore z.° of this 
Chap. and from A ftrike the arch DK, upon 
which ris the mid ere latit. from D to F, 
3. Draw FG perpendic. to AB, and ftrike the 
arch et 
4, Bife& AB in H, and fet AH from’G tof, 
draw the line Al K, and fet DK from Ato L.and 
from L to M, then draw MN parallel to BC, and 
fet the diff. tons eit. fi ‘om MtoN. 
5. Laftly draw AN to cut BCia C, ‘fo fhall AC 
be the diftance required. 


By th efe CW O Pr GO pOuTIONS ceil EnIC T¢ a may eres e mt 


1ere be given two Latitudes,and the Courfe 
7 ae : 


titud 
ther latitude. di 
found 


soapemeneninaes 


Seagal 
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it a Si ) 
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If two. latitudes.and: the diftance, be given, the 
Courfe and diff, longit.may be found. 

If the departure and diftance, with one.of the 
latitudes be given, the other latit tude, Courfe 


and ‘diff. longitude may. be foun 5 forall thefe 
Cafes depend ee the foregoing Rules, which 
being very eafie, and ; rot worth the As mt ble of in- 
ferting I leave 1 o the practice of my.Reader, and 


proceed to 
Pi Ey iy EEA OO 


” oi) | ee ditt tes a aes en 
By 077€ Li Atit UAE Ai ae bt AUCE SUR UDO a7 Eaft “i ana 
Y f at fe 
We; t Cour -fe to fina the u Gi “iff } “€7ZCE UY B 0 (q citude. 


A Ship 1 in the No rth Jatit. of 50°. 30. fails Eaft 


86 miles - I demand her.diff. longitude. 


4 


a ne) ee 
by. the Chart} 
po 


? 
( Ta LS 4 L LW 4 


od 9 7 @) f porte ne 3 F = , ; ~ a 
From the Parallel of <0°. 26 draw the hne OP, 
then add-2 the milesin Ene Citra n Ge AU to. tne fa. 
+ Te J ( Ty ¢ ~} is oO NAs - 
tit, giv en it ma Kes 51°: 43, whichim the Meri,-| 
aN “gina 
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By the Chart. 


From the latitude given, draw the line OP, 
and from the line AB take 22. 35’ equal to 134 
miles, and fet the fame from Oto P. Bifect OP 
in Q, and fet OQ from % to M and N'upon the 
Meridian line, fo fhall the degrees and minutes, 
contained between the points M and N, viz. 1°.26' 
(equal to 86 miles) be the diftance required, 


By Projection. Fig. 74. 


Nraw AB, from A ftrike the arch DE, upon 
which fet the latit. 50°. 36 from D to fF, draw the 
line AE at length, and fet the diff. longit. from 
AtoC. Bifeé AC in Fj and from F (with the 
diftance AF) crofs ABin B, draw BC; fo fhall 
AB be the diftance. } 


LOGARITHMICALLY.  Fig:74 


As Radius fine of 90°. 06 —— -—-- 1000000 
Isto diff. longitude AC 135 miles- -———- 213098 
: 


So is fine angle ACB 39°. 36 —-——— 98035 I 


ee | 


To diftance required AB 25 miles —-—— 193449 


er 


Tee 


\Diftance run Eat or Vi oft aad difference of Lf agitude 
given, to find the Latitude failed i 
A Ship in an unknown Latitude fails 86 miles 
| Eaft,till her difference of Longituce be 135 miles. 
| demand the Latitude fhe failed in: 


etter etree 


From the line AB take 2° 15 ie to 
| mi les) or rather the + ther: cof, Viz. 1°. * 
es * the diftance run, viz. 43 miles, and app ly 
+ (taken from the line AF 3) fo, that it may P| 
Icont rain 43 minutes upwards and downwards in } 
the Meridian line, which it will not do till you 
/come to the point °O, and there 1°..7 4 will reach 
‘from O to M, which is 43 Mi tes, and from O 
)to N 43’. Therefore O is the oint of latit. you 
| have failed in, which by the Chart appears to be 


j 9 } 
sO . 30. | i 


1. Draw theline AB, and fet the diftance run H| 
186 miles from A to B, the 1 Ut pon B erect the per- | | 
Ppendicular t aC, 


—_ + | ° | ' 
2, Vake.1 3 3 5 mile sin your Companct ait with iq 
Hone foot in A, crafs the perpen RC | 
. ~ } t. ~f£ 2. ATEES a 
4° [ TAaAW the line AC wh ICL ae D Oe 4410 Gllic- P 
7 ” to etd i 

i L LAMA ‘eo 
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Laftly, From A with the Chord of 60°. 06 
ftrike the arch DE, which meafured upon the 
fame line of Chords gives 50°. 306 for the latitude 
ia which the Ship has failed. 


LOGARITHMiIiCALLY. 
As the diff longit. AC 135 milese —— 213098 


Is to Radius fine of @0°. co’ --_—_—_ - ——- 1000000 
an “6 Arftt Sere “U3 2] 2B 2 x] 5, AE TS SE TO 1 y 
oO 1$ Gildance TUN o Of Miles aah | 9 3449 


To fine angle ACB 39°. 36. --+-———-— 9803581 


Which fubtratted from 90°. 00’, the remainer is 
go”. 36 the latimnde required. 


Some Préblems folwed by the True 
Sea Chart. 


PROB. 1. Fig. 74. 

Two Ships under the F quinoctial are 128 miles 

afunder, they botly fai! North to the latit. of 60°. 
oo. Idemafid their diftancein that Parallel. 

Thisis no more than a different way of expref- 

fing that Problem mentioned in Gafe 4. of this 

Chap. for here we have diff longitude AC 128 


miles, and the latitude (angle CAB) 60°. 0d. to.) 


find the diftance AR. therefore fay, 


: 
a 
| 
| 


4 
e 


ae ae eee —" « 
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As Radius fine of 90°. 0o’— ~--——+«. 1000000 
Is to diff. longitude 128 miles—-—-——— 410721 
So is fine angle ACB 30°. co ———-——. 969897 


pet ne RE 


To diftance required AB 64 miles ——. 180618 


em, oe 


Thus it appears, that tho’ the Ships were 128 


i) miles afunder under the Equinoctial (which is 
‘at | their diff. longitude) yet if they both fail North, 

or both continue under their firft Meridians till 
| they arrive at the Latitude of 60°. oo’. their diff. 


diftance fhall be only 64 miles afunder,by reafon 
of the inclinations of the Meridians towards the 
Poles of the World: 


PROB. 2. Fig. 74. 


A Ship fails Eaft in an unknown Latitude till 
fhe finds that 40 leagues under the Equinoctial, 
are equal to 64 leagues of that Parallel in which 


| fhe fails ; I demand the latitude of that Pa- 


tallel. 

This Problem is only a different way of ex- 
prefling that in Cafe 5. of this Chap. Therefore 
fet 49 leagues from A to B; draw BC perpendi- 
cular to AB, and from A (with 64 leagues in 
your Compaffes) crofs the perpendicular LC in 
C, and draw the line AC. Laftly, From A 


| (with the Chord of 60°.) ftrike the arch DE, 


—- ~ 


which being meafured upon the fame line of 
Chords, gives 51°. 19’ for the Latitude in which 


1 «) a ¢ ly: er ‘ 
| the Ship fasbegh:- 


hz IE, O- 


* 
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LOGAREIETHMICALLY. 


As diff. longitude AC 64 leagues- -— 180618 
Is to Radius fine of 90°. co’. ———— 1000000 
So is diftance AB 40 leagues ——--— 160206 

22 


Which fubtraded et 90. oo thé remainer is 
GLs 1.9 .Ane tte te. reqnired. 
t other varieties there are of this nature, 


* 
C> 


OV ET AR OL 
which I forbear to n: becaufe Iu ild not 
which I forbear TOM entio! 5 becauic would Not 
fe i eae i os: 
fwell this Manual farther than J defignea It 

ef iP, Apes Beri. D ha panies 

To work a Traverje by the Lrue 


A Ship from the North latitude of 51°. c0'p | 
and Eaft longitude of 20°. 00’, fails NNE 45. He! 
miles, NE 50 miles, ENE 58 miles, and Eaft 36 | lin 
miles. | demand her ‘ atitude, L ongitude, Courfe tire 
and tiftance run upon a ftreight line, by che tries! n'a 
sea Cararr: 

From R, draw the NNE line R*,and by Cafe t. 
of th is Chap. find the Ships latitude ie 1. and her 


longitude r S. upon that Courfe and Diftance gi- } 
rin. fo fhall the latitude be 51°, 42, ond herlon= # The 


Vii 5 
eos 20". 9% 
From S draw the NE line ST, and find the 


Sh ips true € point at T, fo fhall 2 a lie in the La- 
titude 52°. 17', and longitude of 21°. 26". 
From 
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From 1 draw the ENE line TV, and find the 
Ships true point at V, fo fhall 3 V lie in the latit. 
of 52°. 39, and longitude of 22. 51’. 

Laftly, From V draw VW parallel to AB, and 
by Cafe 3. of this Chap. fetthe Ships diff. longitude 
from V to W, then draw the line RW. 

Thus from the Chart it appears, that the Ship 
is come into the North latit. of 52°. 39°, and 
Eaft longit. of 23°. 50’. | 

Then to meafure the diftance RW, you muff 
bifect the Ships difference of latit. 3 Rin X, and 
her diftance RW in Y, apply RY from X up- 
wards upon the Meridian line AC, and it will 
reach to Y a point inthe Latitude of 53°. 14 and 
applyed downwards upon the fame line, it will 
reach to Z, a point in the latitude of 50°. 24’, 
the difference between thefe two-Numbers | ts 
2°. 53’, or 193 miles for the Ships diftance 
run. : 


Or tVuS. 


Find the Latitude 52°. 39'upon the Auxiliary 
line, and upon the fame line take the diltance be- 
tween the latitude the Ship came from, viz. 51°. 
oo’ and 52°- 39’, apply the fame from R (upon 
the Meridian line) to y, draw y oy parallel to 
AB, and continue it to cut RW. in x, fo fhall 
R g (meafured upon the Auxiliary line EF) con- 
tain 2°. 55’ or 175 miles as afore. 

The Courfe may be meafured asin the Cafes o! 
plain Sailing. 


Hav 


‘ie’ wer f° 


ng 
o 
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Having proceeded thus far, I fhall fhew yor 
how to perform the fame Arithmetically withou)) 
the help of a Chart. 

A Journal of my Voyage intended by God’ 
Permiffion in the Lyon of London, Capt. 4. B 
Commander from a Port in the North Latit. 
g1°, oo’, and Eaft longitude of 20°. 00, to 4M, 
Port in the North latitude of 52°. 39’, and Eafi)!', 
longitude ‘of 23°. 50’, fetting Sail Decemb. 8th} ’ 
L604. 
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1. By the Calendar find NNE 45 miles, againft 
which ftands 22 miles a ir the Ships differ ence of 
latitude, which place under the Miles Northing; 
then by 1..Rule 1..€ on 12. the Ships latitude : is 
51°42 eset 

2, Find the Meridional parts for 91°. 00’, viz. 
3569, and alto | for ye ap viz. 3636, the dit- 
ference is 67 miles forthe difference of Jatitud 

enlarged, a alfo place under the: ites ag ie 
ing, below the-true difference of latitude. Then 
ay, 

As Radius fine ef 90°. 00° -—~-- — = 19000000 
[s to diff. latit. enlarged 67 miles Saar 82609 


a) 


a 


So is tangent angle Courfe 22°. 30° —-— 961722 
To {aft loneit ide * miles 4 = eae ee EE we ot a: 
Walt, LOD, LUGC 29 ThiGs -—— i44329 


Thembecaufe the Courf¢ 1s NNE place this diff. 


longitude 29 miles under the miles Eafting 7s -then 
by 1. Rie 8. the Ship is in the Eaft len gitu de of 


20°.2 ae 
A nd thus you pant proceed with all the ot! 
thy: ol} : t 

PURE ai 


to be effeeted. V1Z. ee Cafe 3. of this Chap. 
As Co-fine bien latitude ode 39 —— -9782 1.96 
Is to diftance run 36 miles-———-s —~-~~ 155630 


So is Radius 90°. oo’ ~—-— -—~—---~- — 1000¢00 


Lo the diff. longitude 59 Miles ———-——17 1334 


ee 


To 


4 


Se 


+ ower or 
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To find the Ships Courfe, you muft add toge- 
ther allthe feveral differences of latitude en- 
larged, viz. 67. 57. 36. the Sum whereof is 160. 
Alfo add together the feveral differences of Lon- 
gitude, viz. 29. 57. 85.59. the Sum whereof is: 

230. Then fay, 
As Sum of the diff, latit, i a etene 
Is to Radius fine angle go’. oo’- —--- 1000000)} 1 

So is Sum diff. longitude 23°, ——-- ~— 2361721) 


— ey 


To tangent of the Courfe'sys°. 11 aan Sik: | 


Therefore by Rule 12. Chap. 12. the Courfes 1S5 
Sag 1°, 4" aes B T o find the diftance rum/ 
upor aftreight | line, add together all the trues} ini 
lifferences of latitude, Viz. 42. 35.22. the Sum 
iS 99. Then f lay, 

As Co-fine of the Courfe 55°. 11’—— 97565} 
Is to Sum true diff. of latitude 99 miles 19956331 
So is Radius fine of ———.—.90. oo’ —- roeocoo 


= 


6! 


‘Yo diftance run required —— 173 miles--22904 | 
CE tena encarta ; 
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CHAP, XV. 


To keep a Reckoning at Sea by the True 
Sea Chart. 


h 7 Ehave but few Books extant upon this ufe- 
\ V ful Subject of Navigation, wherethe me- 
thod of kee ‘ping a true Account of the Ships way, 
either by the Plain, or (as it is commonly call’d) 
Mercator’s Chart is omitted ; but whether or no 
thefe Books do fufficiently inftruct US inthis par- 
ticular, I leave to the Judgment of my Rea- 
der. © 

And for your afliftance in this ufeful piece of 
skill, take notice of thefe following Particu- 
ars. 

1. It is taken for granted amongf our Seamen 
that the diftance between knot and knot in the 
] og-line, mult be 7 Fathom, or 42 Foot. This 
mark out DY meafur ing feven times 
extenfion of their Arms upon the 


diftance thev 
the ners 


L og-lin ext 


rily be either more or lefs than even pene n, or 


42 foot, whereas they ought to ufe all poflib le di- 


igence in the divifioa of their line, the nes 


\ 
hel fw 


3ut (ceing all Men cannot extend their 
Arms to one and the fame ftretch, the diftance 
betweenthe knots of the Logehie, ‘matt necef{fa- 
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whereof does many times occafion great Errours 
in their Accounts. 

2. They ought to examine the quantity of their 
Glaffes, viz. whether they be more or lefs than 
30 Seconds, or * a Minute, which may be eafily 
done by the Rules in Chap.4. For they ufually 
reckon that if the Ship runs away from the Log, 
the diftance of one knot in the time of one Gla fs 
(let the Glafsbe more or lefs than 2 a Minute) fhe 
muft run a mile each hour. But by my Log-Ta- 
bles, Chap. 4. it appears that if the Glafs be 23 
Seconds (the Log-line being always marked at 42 
foot) the Shipiruns1 ., {2 :.mile each hour, that is, 
one mile and ~4 thoufand parts of:a mile: ‘If the 
Glafs be 24 Seconds, fhe runs r.o29 miles ‘each 
hour: If the Glafs be 25 Seconds, fhe-runs .o987 
miles each hour, that. is 987 thoufand parts of a 
mile: Andif theGlafs be go Seconds, fhe runs 
but 823 thoufand parts of a Mile each hour. 

3. The ccmmon Inftruments ufed at Sea for 
finding the Ships true clatitude, :are cro{s Staves 
and Quadrants; in the ufe whereof they plainly 
fee they take their Solar Meridian Altitudes by 
the upper’Limb of the Sun, and+yet never allow 
for the Suns Semidiameter, whichis 16 minutes, 
which ought-always tobe fubtracted fromthe Suns 
Meridian Altitude, otherwife they make it al- 
ways 16 minutes morethan-really itis. ‘This 
Errour-added ta the Eccentricity of the Lye (as 
Mr. Wright wellcbf{erves ) makesthe Suns: Meri- 
dian / Ititude,abwlays erroneous. 

4. The varidtion of ‘the Compafs is too much 
neglected, which sought tovbe enquired into al- 
moft continually : For by ‘the Courfe kc 
an 


1 
; 
| 
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and difference of latit, by Obfervation, (whichis 
‘all the aid we can expect at Sea) the Ships tiie 
difference of longitude may in fome meafure be 
attained, 

And now fippofing the Young Seaman ‘to be 
Induftrious in obferving thefe four Particulars 
J fhall proceed to di eé& him in ‘the belt ‘me- 
thod I can think of for keeping a Reckoning at 
Sea. 


The firft thing oe sa in order to keep a 
true account of the Ships way, is the variation 
of the Compafs, which h moft Authors tell you is 
to bedifcovered by the Suns Oriental or Occiden- 
tal Amplitude; but the Amplitude cannot be 
found at Sea, unlefsthe Latitude and Suns Decli- 
nation be given, or elfethe Declination and dif- 
ference of Afcenfion be given : And the Latitude 
cannot be found without the Suns Amplitude, or 
difference of Afcenfion: Vherefore feeirg thefe A- 
nalagous terms are reciprocal, the one cannot be 
given without the other, and confequently (for 
this purpofe) neither can be given. 

The frme folly attends the obfervation of the 
Suns Azimuth, taken by the Azimuth Compals : 
For the Suns true » a tude, O1 Azimuth found 
at Sea is altogether precari ous, and confequently 
ufelefs ; the beft a os fin ding yeither cf them 
che certainty, is by the Rules in Page 158. and 

when the Compafs is thus rect fied, the Ships 
true Courfe is known; by h elp whereof, and the 
Ships difference of Latit. by obfervation we may 
by the fecond Cafe of Plain Sailing find the true 


a 


Depar- 


Fre en 


es 
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Departure, which by Cafe 3. of Sailing by the.) 

true Sea Chart, may be turned into difference of yi 

Longitude. | 
That the way of keeping an exact Reckoning 

at Sea, may be better apprehended, I fhall give.) 

you the form of the Log-Book and Journal both 

together, which is as followeth. 
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he Form of the Log-Book and Fournal, from a Place 
in the N°. Latit. of 50°. 06, and Longit. 05°. 06. 


ferring Sail June 24. 


1694. "Suppofing the diftance 


of enehi Knot upon the Log- -line to be 42 Feet. Awa 
the Glafs 27 Seconds, the Log-line being caft every 


Ror. 
Wyant. 
BEE 
Fo ;als 
pr, fac 
I] 2) 3) 
2} 4, 3 
3) 3, 7 
4| 1) 9 
5] 2/ © 
6] 3) 4 
“| 2) 8 
| 

9) 5: | 
10] 3! § 
11} 4} 2 
j12 3} 3 
Pl 3 
‘€ 3) 6 
| 3) 4 7 
4 3] 2 
5 14 
6 5} 6 
11 0 
8 3) I 
| 9 21 3 
to 3) 4 
mi 24 

3' 9 
75 


Cour ae 


Z 


YNE 


—————ene 


——— 


x Fune— 24. _ about 1 a 


3 Clock Afternoon we fet 
—— Sail, with Seven other 
Ships ; a frefh Gale, fair 
Weather. 


| 
| By Chap. 4. 


emery 


dif, un byl. 69. 4485 m. 
Diff lat. by log—64.1 m: 

epart. by los— 26. 6m. 
[Dutt long.by log-42 mil. 


Co-@® Merid.alt. eis 


| 
{U0- @) IV 
b Dec. North-— 23.2 


| 


Lat. by obfervat,-- : I me 


'Long.corrected-65.4 m. 
TI herefore the Ships true 
Long. Is t°. 5° Fuse 25 

Lat. by Log. 51°. 4 N?. 
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i ICourfes Winds|Weather, a fmooth Sea, 
pie Otehe Wind increafing by 


oc 


NE 


NNE | 


Fune 26. we had fair |; 


| SW degrees. 
O15 O15 || 
49.2 65.5 | 
1830 7320 
8235 4575 
3682 492 


: dif. 45+ ,21 80 dift.60:20703 |}, 


CTR FN 


iff. latit. by log—g93 m. 
eparture by log-57 m. 
| ifflong. by log-93.5 m. 
{Latitude by log —§3°.13' | 


}COo-@ Merid.alt.-299.36' ie 
a Dec. North-+23. 22 ||! 


ENE Br ne 


Latit. obferv red —--§2. 58 Bey 


Diff.lat.by obferv. 183g | 
Diff.long.corrected 78m. |), 
Ships ere longit Lee 257 Th 
‘Courfe corr. N°.: 7306 BH) 


| 
| 
| 


eo — — 


OO C~] An pw rv + 
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| Oe 


BRA AAAMMU AWN Knots 


Sana Enea 
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AA AW ~1 | 


yt 
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> \Courfes awe hazy Weather, towards 


ENE 


NEBE 


EBN 


237 


Fune 27. we had thick 


morning it cleared up, 
Welt and we faw about 4 a 
Clock 3 Sail on the Star- 
board bow. 


O15 945 
| g1+4 34 
| 
| 2745 3660 
} 91s 2745 
| | 2745 ih 
| ——— 31.410 
| 28.6394 —_—— 
! | O15 “O15 
wsw| —*7" i te 
1g 2745 
6406 2660 
3660 arms - | 
| pi 39-345 | 
| | 43-0955 ’ 
| Diff.lat-by log. —69.2m. 4 
| Lepart.by log-1:7.8 m. 4 
Oifflong.by log.-200 | 


Co. cor. Ne. 30.46 Baller q 
IL atit. by ise e Ne. BI 
\Co-© merid. alt.-2 

© Declin.North-— 


lan 
5 
~ 
am 


Lat. by obferv.s4.co N° 


Diff.lat.by Obfery.62 m. 
Diff. long.correct. 61 m. 
Ships true longit.-- 3.26’ 

The 


| 
| 
| 
| 
| 


metas 
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The fame Log caft every two hours. 


Wi oats | fune 2%, Fair Wea- 


S Courkes Windsther, little Wind, we 


|__| eo Sifaw g Sail more, 
i ENE ibe 
6! | O15 O15 
7 22.8 26.9 
8 | ae 
9 7329 54992 
3 183 0 1830 
6| NE | ; —, 
' 19.03.29 23.7900 
‘ RSE. 23 onan hs 
2 Wi etike ; 
Z iDiff.lat.by log.--24.3 m1. 
< depart. by log.--34.6 m. 


Courfe by Jog.N°. ‘55°. E. 
_ Lat. by log.--54°.24'N”. 
ILiff, long. by log: 58 m. 


ICo- © merid.alt.--31°.3 
© Dec. North--—23.2 
Ships lat.by obf.s4i5 oN’ 


ee 


[Dist lat. by-obferv. 50m. 
jD Diff.long.correct. 122 Of 
iS ships true-longit, 5°.48". 
. 


E'k- 


| 
{ 
t 


oh tage 
‘ 
’ 7 é 
i ‘ ; J 
ee 1 
{ OR reer rh cgay Seceattiee inenineeneee ee ee 
! ‘ ’ 


EXPLICAT ION. 


June 24. The Ship failed upon one Courfe, viz: 
NNE, and the Log was caft every hour: There- 
fore add up all the Knots and Fathoms (or Deci- 
mal parts of a Knot) and the Sum will be 75.9 or 
75 Knots , % 

Thus in the Log-Tables, Chap. 4. find the Ta- 
ble entitled 27 Seconds (which is the fuppofed 


| quantity of time your Glafs confifts of) and a- 


gainft one Knot ftands .915, which multiplyed 


| by 75.9 (the number of Knots run in 24 hours) 


'} the Produdt 69.,+ gives the number of Miles the 


| Ship fhall run that Day. 


Thus the Courfe (always fuppofed to be cor- 


) rected avcording to the Rules in Chap. 9. P. 158.) 


_—— — 


and the Ships diftance run by Log, are both 
known, Therefore by Cafe 1. of Plain Sailing, 
you may find the Ships latitude by Log to be 1°: 
o4° North, and her longitude by log may be fourd 


| by Cafe.t. of Sailing by the true Sea Chart, to be 
Hoc’. 42’, 


But by a good Obfervation | find the Ship is in 
the North latitude of 1°. 24, from which fub- 
tract the latitude you came from, viz. 50°. 06, the 


remainer is 1°, 4.’.or roo miles, for the Ships 


: 
' 


true diff. latitude required. | 
Then fied the meridional parts for the latitude 


fof 51°40’, viz, 5632, and alfo for 30°, 00, viz. 


3474, fubtract the leffer from the greater, the 


)remainer 158 is the difference of the latitude en- 


plarged, then fay, 


As 
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As Radius fine of 90°. oo ——-———— 1 00000¢c% 
Is to diff. latit. enlarged 158 Miles--—— 219865] 
Sois tangent Courle 22°, 36 ———~+ ——— 961728 


Fo Ships.true dill. long..65. 4. Miles--— ror5 87 ihm 
Therefore the Shipstrue longitude. is 1%..5% 
Again, To find the Ships.differenceot long. by fin! 
Log... Seeing that the Courfe is NNE..and di-jy| 
ftance 69.4. Miles therefore by: the. “Lables, oalfifinn 
Latitude-and Departure, itis evident, That tired hier 
Ships difference of latit. by Log..is 64.1 Miles janciiyasi 
her Departure.is:26,6. Miles, and. confequent hi) ili: 
by, 1.-Rale 1. Ghap:1z. the Ships latitude: by Logy) a) jy 
is. 51°, 4. North, find the Meridional parts. fontl jinige 
che, Latitude, you, came.from, viz, 50°..06, ancdiiyo,) 
that Lotitude.you.are come ifto by Log. which ij sin, 
by the Tables. in. Page 138, ate,.as follow, v7z:\jjyp y 
3474. and .3575, .fubtrac, the: lefler from th 
greater. and the remainer 1o1. is the difference 0))};,,,0, 
Latitude enlarged... i hen fay, 


fy 


"As Radius. fine of 96°..96 . ~:~ -- + FOCOOA a i, 
Ts to difterence of. Latitude enlarged 101-2004379)}i, 
So is tangent; Courfe.22°, 364. >“ 96 1. 72a 


To Ships diff.Long, by Log, 41.8: Miles —1621 5... : 
" Los $ $33. Gb 

Or you-may find the Ships. difference of Longipy. - 

by.Log, according as I diveéted. you in Cafe 3. 0),. 

Sailing by the true Sea Chart , for the departara),, 

inthis café is nothing butthe Ships diftance rum, 


Kafe or Welhin that, 


ee 


’ “ 
Fune a> 


In this days motion, the Ship fails upon two 
| feveral Courfes, viz. NE and NNE, to find her 
| diftance run upon each Courfe, add up all the 
| Knots and [ enths the Ship run NE, which was 
| for 12 hours time, and the Sum is 49.2, that is 
“4 49 Knots, and ,* of a Knot, confequently her 
®l) diftance run will be 45 Miles upon that Courfe. 
“4 Alfo her diftance ran upon the NNE Courfe will 
“be 65.8 Miles, with which you may proceed -ac- 

| cording to the Direétions in Page 198-and 199, 
4) and Laving found the Ships difference of Lat. and 
" departure, her Courfe may eafily be difcovered 

| by Cafe 6. of Plain Sailing, and then the Ships 
| Latitude and Longitude by Log. inay be found-as 
afore, as alfo her corrected difference of Lonsit 
ni) ~ The laft thing I have-to obferve to‘you is, that 
HM June 28. the Log was caft but once every: 2 hours: 
| The firft Courfe was ENE, theSumof the Knots 
“and Fathoms (or Decimals of a Knot) is 10:4, 
i# which doubled, makes 20.,° Knots; The other 
i Courfe is NE. and the Sum-of the-Knots “is 13 
¥ which being doubled, makes 26, thefe two. Nuat= 
i bers multiplied by the refponding number ta‘the 
—tLog-Tables, give the Ships diftance as atore. 
Thus you fee how eafie a thing it is to keep a 
good account of the Shipsreckoning’by Log, and 
Halfo how to correé this Account bya good Ob- 
Mervation, The want of thefé ‘or the like plain. 
wand demonftrative Rules, has been ‘the occafion 
pof many Frroneovs Accounts 
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To conch it were much to be wifhed, that 


our Seamen would be at the pains firft ts fudy. 
and then to pradtife thofe Rules I havs delivered 


m4 
) yam “) 


eet " p 
M4 Kelia yr. EZ 


and Chap. 9. the one teaching huw tc 
find the Latitude“of any place whereever theyy 
come. (and that by a Quadrant of 18 or 26 Inches: 
Radius, furnifhed with an. Index and Sights, one 
diie of the Quadrant lying in’an Horizontal Po 
tion) the other fhewing how (as in Page 7 +.) te 


find the trve Longitude of the fame place upon) 


the Shoar by help ofa good Telefcope 10 or 12: 
Foot long. | 

By thi; means would the bufinefs cf Geograph 
and thereby the Art of Nav. etion 
would attain sts defired perfection. 

And for want of this “due care, not only thi 


e < 9 = 
€ COMPpicat, 


: 


Longitedes «f Places (which in themfelves arr 


difficult to be found ) are many times 


degrees, and fometimes more, different from thy 
crath; butalfo the Latitudes of feveral Places ar 


falfe fet, both in our Geographical Maps and ‘Ta 
bles, as you may fee in the Voyage to Siam 


1685. 


Now feeing the Latitudes and Longitudes o 
Places are too many times falfly fet down, how 1) 


it pofhibie to 


‘a 


& pert fA eG YU ST e r ™ 
EWCER any Cwoc 


wo opgehre?| 


| 
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a true account in Sailing Deq 
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ASTRONOMICAL 


ABL 


OF THE 
SON and STARS, 


SHEWING 


Whe Sun's Right Afcenfion and Dec'1- 


nation ‘tor «¢ sot Deerce of tle 
Sun : 5 i ace 4 li} the Ecliptié. 
AND 


The Longitude, Latitude, Right A- 
{cenfion : nd Declination of mof{ ft of 
the Fixed Starsin both Hewi|ph Cress 


Reétitied for the Year 1700. 


~ 


ee. a, 


LONDON, 


frinted by F. Orme, for Chrift ftopher Auffey, at 
| the three Flower-de-Luce’s in Little Bri- 


tain, 1695, 
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CEPHEUS. 
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in the Jaw, Menchar © ~~» a 


ee 


ORION. 


in his Right Shoulder, Bed Agent 2 eer nw 
In his Left Shoulder —---  ——- -- -—_—. -. 
Northern and firft in his Belt -~—-————_- —__ 


Middlemdlt ee ee eee eee 
Lalt j in thé Belt- 2 eee 
in hi 15 Le ff. Foot, Rigel, Algelar ——+-—— - Fi Sceineersboat 

LEPOUS. 
In the Left Foot- —— ——-——- -——- --——- —— 

Wear the Back ~—-—-,---- Eo ES a he 
Southern of the two in the Hind ‘Feet: : 
Ndr rthern of the two thiares—=- iciieatan: Maire 


EIR. DA N-U.S. 


Shove the Foot of Ori jon in the Rivér —~ -~—~ 
Firft of the 3 in a. Right Line with Aferchar —— 
Laft in the River Achivnar Lt pe A 


CANIS. Minor. 


ones Se Oi I ee Be 


Brighteft in the Neck 
Bright o1¢ in his Thigh, Procyon, Alfchere —— 
CANTIS 


Longitude} | esse fR.Afcen. E 
Dp. M.S.) 1D. M.) TO.MA JH. MIS 
The W H A L E. 
28.19.20} «120.47 [S f19.30{S |c0.28 [2 | 
26.46.20} »}40.01 |S }10,28]5 10.04. 2 ) 
17.48.20} y-|20.19 |S {11.46 5 {01.37 3 
10.10.20]% {12.37 |S | 2.5 §!1%}03.23 [2 
ORION. 
4.35.20] [16.06 [S | 7-18 NI 5.39 42 | 
16.46,20|11]16.53 |S } G.02|S | 5.09 }2 
18.1 3.50/11 {23.38 {S me Ss ie SE: 
19.17.20fr!ag.3ghlS | t.259)55 | §.21 |2 
10.29 §O} 125.215 }S | 2.08/5 | §.25 F 
(2.40.20 rIZL LE IS? 8.35'S ' ¥.00 It 
The HARE 
.16 | 
ee 
—52 13 | 
39 15 
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CANIS Major. 


Brighteit in his Mouth, Syrius- hee abel soe 
In the end cf the Fore-Foot — 


eg) Mee ne 


COLUMBA NOACHI. 


Former of the two Bright ones-:-— --____ -— 
_ The following bright one ~—-—-— _- — —_ —--. 


ARG O. 


Bright *« upon the Deck, ‘near the Mizzen-Maft 
Next bright one almoft in a right line ~- 
Southern of the 4 bright ones in the Hull——— 
Next bright one neareft the Royal-Oak- -——- — 
Northern of the 4 bright ones there —— ——- 
Canobus, or brighteft in the Stern, Schemuel —— 


ROBUR CAROLINU™. 


At the Root-therepin ses bites ie ee 
At the top of the Trunk- ——~. -—_—___~_____. 


AT DR A. 


f hydra H art, Alphard ~ 
Firkt i 


the Wejfterad ‘Vriangle +22 oe A 


Dares See. ee 
’ 


os 


Longitude| {La 
————_————| | 


feet Declin. ee -Afcen. 
I 


M,| ; D. NM. MM. 


Lat 
D 


D. M.S. 
Great D. OG G, 


9.5 3.50]45139.30 iS pie 6.32. 


6.10 


5 3.50] 9 S 
3.05.50] 5|41.182 |S 41.7.48]S 


NG A.A’. DOF E& 


§7-24|S 134.24 4 5.29 | 
sifeb ag 35°54 5-41 


The eS #11 P. 


2 is Names of the Stars. 


CORV US. 


Former of the higher in the 9.of her Wing- —- 
The following » in the other W,& ing Algorab' 
The following of the lower, in the Square: 


aw 


CENTAURUS. 


Following of the two in his Loyas)-—-<--—— 
Firft in the Crofiers 
Northern. in the Crofiéss o-<—— — -———- —_—— 
Southern in the-Crokess—— 
Laft in the Crofiets.-—-—+ so 
Inthe left Knee. <r e, tt eet 
Inthe right Het! << s-S  ee 


ae et pr 


wee es 


ii GPO S. 


ese 
oe ee 


In the Foot near the Centaur's Head 
In the Knee of the other hinder Foot- ——- —-— 


ALR? A. 

In the middle of the Altar-—--—-—-—-—- —-= -—- 
(G R Y 5. 

In ‘the Head 3 + 4 4+ Se ee 


Bright » inthe left Wing —~——-—— -—— 
In the Eduction.of her- 1 ay! -—_—- —---—- 


Longitude ca {Declin.f a Afcen if 
D. wm. 5.) 1B M D. Ma jd. MIS 


Oe ca eclectic alia? 


Thee C ROW. 


6.36.26] '14,25 : GCS firs | 

"a A 4 
9.18.20] 112.07 {5 a. g8lS {13 Ls “f2 | 
1 3.12620) li7.9e7 [3 f2t.42/S yt zo 12 


Tbe Ea TA eR. 


28.12.10 40.03 47-178 [12.24 |? 
1.34.10]M}50.18 1S 57.0218 [12:66 4 
2.35.10/m147.41 3. 15%-21 § |r2.15 2 
7-4.5-10}m)§2.45 [S f61.22/S Vetie? }2 
31.10] m 43.26 S 157-45|S 112.37 12 

18.37.10 m44-C0 53.4915 beg Goh fz 

org 11.42.23 S 59-30 S Ir4.20 iS 

TheeW OL F, 

20.50.10]m j24.56 {5 ER oe Tia rs | 

19.19.10]m]|29.54 |S ]46.co|S']14.22 13 : 


The A iF T A R. 


20.42:40° F126. 2564S 14'9.3318 117.09 “13 a 
The CRANE E| 

Hi 

3.14.10] 2/22.5 52/5 |38.39|S [21.36] 3 ih 
rT. 39.20] ~|32.47 |S 148.2215 121.46] -2 a 
18.00. rolstas5.20 1$'1 48.25\S fo2.2z4%"'2 ; 


os spain 


Names of the Stars. 


PHA ett NIX, 


Bright ftar inthe Neck: —— ——---—-~+- -— 
In the Pynion of her right Wing- —_- -_-— 
In the fide of the left Wing- -——_ —— 


PAV O. 


Peacock’s Eye- 
In his Breaft 


EsWaD.0 -S. 
Near the end of his Arrow——-——— SSeS 
7a he ae ZN 


in the end of the Bill ——_—-_- ———-- ——- ——~ | 
In the Head ~-- —~--=- = J 


FE A? a he ee 


Inthe Eye near Acharnar —~ —— 
Following of the two between the Clouds --~-—>| 
The preceeding — ——- —- —-~—-—-— | 


TRIANGUVULUM AUSTRALE, 


Southern in the Bafe --—---—._ -- ——— ——— 
In the Vertex) 2. 4-5 -—— ae eet 
Northern in the Bafe- ~— 


SP gece § |p 


Longitude 
“Be M. >. 


5a ae) Loe [am Afcen 3 


MS 


ttt 


The PHeENIX. 


AT -TO.1OL E1403 3 ee BOA 2 | 
5-20.10} K/41.93, aay 43-53) 3. | 
23.48.10) 3¢|47.34 (S [44.36/S | 1.18) 3° | 
: 
The PEACOCK. 
19.37.40] vp] 36.063/S S {20.01 2 
24.18.10] vp}46.514 S 56. 3415 [21,00 4% - 
Th INDIA NN, 
1 4.59.20| v7]32.35 |S |34.36$ [19.29] 3 
TOUCAN. 
5.14.10] [45.24 g Paso 22.11, 3 
igual 4T-452|5 159.51]S 23.00} 3 
Mf DR On83 
eK KT LO} 3¢ | 164. 98 63. 10|S 1.41 3 
6,01.10 #|79.48 |S 75:06|S | 2.07}-3 pe | 
26.24.10) vp164.27 |S 78.578 0.14] 3 q 
The Southern Triangle. | | | 
| 7 HY 
5-13.10] 2147.57 : 67,27|5 ||14.52[ 3 i 
16.39.10] 2146.00 |S |68.1.9|S. |16,1 7] -3 | 
jataclaleuad | 'S [6223'S |rg.29| ¥ | 


Y 


: . 


eed 


eT FT Se ee 


The ufe of the foregoing Tables. 
Of the Suns Declination. 


“TITHE E Declination of the Sun is not] ring el fees fn 
ee: but av Archcof the Meridian interceptec) 
between the Equator and the San, a$-I have ob». 
ferved to you in Chap. 1. and feeing the Sun hass 
a different Deélination every day (except wher , 
he istunder- the Equator) this Declination muftti,, /))) 
be continually ertcrenfing Or déctéafing fro redhat ‘a 
it was the day before + therefore it happens tha itt. 
in places lying m¥ch to the Baftward or Wett-4 
ward of any Meridian (fuppofe that of Lozdon, 

the Declinatién of the Sun at thefe ‘places fhal 
be different front what it’ was atthe Mer idian 0%! 
London, the fame day : Then to find this differd at 
rence of Declination 6f the Sun, obferve this fol 


lowing Rule. 


Ta fina the Sun's Declination by thefe T ables. 


By any Ephemeris forthe Year you obferve im} Mir 
find the Suns true place, ordepree of the Sun ir 
the Ecliptic, with which enter the Table, enti: 
ruled a Table of thé Suns Declination and: Rig hag sti 
Aicention, up which againft the place of the Sure 
(i found im ‘the Ephemeris) ‘youchave the: Sum 
Right Afcenfion and Decl lination 


4 
<< 
, 
éh 


The ule of the Tables. 
EX AMPIE rt. 


May 24. 1693. Idemand the Suris Right A: 
{cenfion and Declination. By an Ephemeris. for 
ithis Year, I find the Sun to be in 13°. agamft 
which in the Tables of Declination ftand ite I 
| for the Suns true Declination that day, and 4H. 

46 M. for his Right Afcenfion the fame day. 


EXAMPLE 2. 


|. Mfay4, 1695, The Sun isin by 26% ga’, | 
‘demand his Declination, Find the Suns Declina- 
#tion for y 26, which is 192, 18’. And alfo for 
tt27 -Which is ro? 32'.. the difference. between 
“ pthefe two numbers is bq..bhen fay, . 
If 60' require 14’, what fhall 44 require ? An- 
Mwer 10’. which added to 19°. 18, the Sum 19°, 
wc f2' 18 the Declination required, 
| And thus you may proceed for any other num- 
per of Degrees and Minutes in the Suns place; 


And in like manner may his Right Afcenfion be 
found, 


4h 0 find the difference of the Suas Declination under 
aly two Mersdians on the fame Day. 


i. Letthe two places be Loudon and Surrat, whofe 


@ifference of Longitude is about 90°. Surrat lying 
ypattward of Lonaon, 


Becauge 
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Becaufe the difference of Longitnde is 90°. or | 
6. therefore it is evident when the Sun is up. 
onthe Meridian at Lomdon, it 6 isa Clock After- 
noon at .Surrat, for the Sun {pends fix whole hours 
in pafling from the Meridian of the one, to the 
Meridian of the other; in which quantity . off) 
time there is a fenfible difference in the Suns De-: 
clination, and may be found by this 


General RULE. 


Find the difference of the Suns Declination be--Pu 
tween the day given and the day following, thatrpiilik 
is (as in this Example) between Afay 7. andl 
May 8. for May 7. the Sans “Declination is 19°. 
+3” and for A/ay 8. it is 19°. 37’. Then fubtract 
19°, 28 from 19°. 37’. the remainer 9’, is the if--9 Mat: 
ference of the Suns ‘Declination for:one day. [hin 
Therefore 4 3 Minutes will be the difference offpty 
the Suns. Declination for halfa day, or 12 hours, .Ptiltec 
and 2 + Minutes for 6 hours, Hence it is evident., thi’ 
that fuppofihg'the Suns Declination to. be 19°. 28 

ti at Surrat May 7. it: will be ¥ 9°: 30°'2:at-Lenaon fix 
ie hours after. 


The ule of the Tables. 


WIhe ufe of the Aftral Table for finding 
the time of the Night. 


RU LB 


Um the Complement of the Suns Right A- 
| fcenfion add the Right Afcenfion of the 
wieiStar, the Sum is the: true time of that Stars 
Southing. ,. 


EX A@QAI P LE, 


| March 27.1695.. The Suns place is 17°, and 
his Right Afcenfion, by the foregoing ‘Table, is 
‘ft H. 03M. I demand what time Caffor comes to 
ithe Meridian ? 
ia) By the Tables I find the Right Afcenfion of 
\Caftor is 7H. 16 M, and the Complement of the 
(bun’s Right Afcenfion that day is 22” 57°. There- 
yore 
H. M. 
tO —~ 22.57 
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Anfmer. Caftor comes to the Meridian at 6a 
Glock 13 Minutes paft inthe Evening; ~ | 


Note. Ifthe Sum of the Stars Right Afcenfi-|!”, 
om, and Complement of the Suns Right Afcen--|). 
fion exceed 12 or 24 Honrs, fubtra 12 or 24)|) 
from this Sum, and the remainer fhall be the time:|(/ii' 
of the Stars Southing. 
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The Ufe of the Table of Difference of 
Latitude and Departure. 


EXAMPLE «1, 


A Ship Sails NEBN 8 Ailes. I demand ber 
Difference of Latitude and Departure. ! 


His Courfe is 3 Points diftant from the Ne, 
| therefore find 3 Points in the Table, and 


again{t 8 (under the Column of Diftance) ‘ftand 
6.6520 Milesfor the difference of Latitude, and 
4.4448 Miles for the Departure ; where obferve, 
That the firft Figures towards the left hand, fig- 
nific Miles, and the other Figures towards 
the right hand figmifie: ten thoufand parts of a 
Mile, ! 


EX AMP LiE.. 2. 


A Ship Sails NEBN; 8 Miles, or isiof a Atle. | 7 


C3 


demand her difference of Latitude avd Departure, 


Herewe find the fame Numbers as afore. but 
with this difference, wiz. becaufe the diftance 
runis lefs than a Mile, (and is ever the greatelt 


fi 


2 


de ina right angled Triangle) therefore the 


ye: 
difference 
thewi WILE, 
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lifference of Latitude and Departure will each 
of them be fefs than one mile: Asin this Cafe. 
the difference of Latitude is 66520, or fixty fix 
thoufand five hundred and twenty hundred thou- 
fand parts of a mile, and the Departure .44448, mi 
or forty four thoufand four hundred and forty mn 
eight-hundred thoufand parts of a mile. ) 


EXAMPLE 3.. an st 
A Ship Sails NEBN 80 Afjles. I-demand her Diffe- 


rence Latitude ana Departure. 


In this Cafe you'muft note, That each of the 
Numerical Figures under the Column of diftance, 
fignifie 0,20, 30, Gc. ard confequently 8 inuft 
fignifie 8%; then muft the difference of Latitude 
and Departure conift of two Figures, and the 
other remaining Figares which ftand’on the right 
hand of theie, will-be thonfand parts of a mile’: 
And thus-it appears'that the difference of Lati- 
tude 1566. 520 miles, or 66 miles ‘and 520 thou- 
fand: parts ofa mile, and the Deéparttie 44.448, 
or.44'miles-and 448 thoufand parts of a mile. 


EXAMPLE 4. 
A Ship Sails NEBN ‘800 AGles. 


Here the Num+rical Figures under the Columa i 
of Diitance fignifiehundreds, thus, 1, 2, 3, Gc. 
mufE be atcounted 100, 200, 300, Cc. miles, and 
confequently 8 Cin the fame Column) muft fighik 


fie cight hyadred miles ; and’therefore feeing the 
| Diltance 
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Difttance runconfifts of 3 Figures (each Number 
in the Table confifting of 5) the. difference of 
Latitude and Departure muft each confift of 3 
Figures ; then it is evident thatin thisExample 
the difference of Latitude is 665. 20, or 665 miles 
and 29 hundred parts of a mile, and the Depar- 
ture 444.48 or 444 miles, and 48 hundred parts 
of amile. Laftly, If the diftance run had been 
8009 miles, the difference of Latitude would haye 


been. 6652 miles,and the Departure 4444.8) miles, , 


or 4444 miles, and 8 tenths of.a mile more. 


EXAM PL Es: 


A Ship Sails SSE 74 Adiles. I demand her Bife~ - 


rence of Latitude aud Departure. 


In this Cafe-you mult break the diftance run in- . 


to two parts: Namely 7o and 4, then it is evident 


fromExample 3d. that ifthe diffance run be gq » 


miles the Diff. Latit.-will be 64 miles aad .692 
thoufand parts ofa.nule, and.tbhat the. Departure 
will be 26 miles and 788 thoufand parts of a mile. 
Again by Examp. 1, If the diftance runbe 4 miles, 
Diff. Latit. will be 3 miles and 9232 ten Thoufand 
parts of a mile , alfo she Departure will then be 
omile, and 7804 ten thoufand parts. of a mle: 
But 64,672 miles added to-3.9232 miles make 68 
miles, and s952 ten thoufand parts of a mile for 
the difference of Latitude required:and 26.788 ad. 
ded to 0.7804 make 27 milesand 5684 ten thon. 
fand parts of a mile for the Departure required, 
Therefore itis evident that the difference-of La. 
titude in this Example is 68.5952 miles, or 68.6. 
mile 
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miles almoft, and thatthe Departure is 27.5684 
miles; or 27. %,, miles, and fomewhat more, 


EXAMPLE 6. 


A Ship Sails WSW 123 Miles. I demand her Dif- 
____-._fevence of. Latitude and Departure. 


Here the diftance run muft be broke into 3 
parts (becaufe it confifts of 3 places) namely 100. 
20. and 3. thenby Examp. 4. it appears that -if 
the diftance run be 100 miles, the diff. of Latit. 
will be 38.270 miles, and the Departure will be 
92.39¢ miles. Alfo by Examp. 3. it is evident, 
that if the diftance run be 20 miles, the diff. of 
Eatit. will be 0.7.645 miles, and the Departure 
18.478 miles. Laftly from Examp. 1. it is appa- 
rent that if the Diftance run be 3 miles, the dif- 
ference of Latit. will be 1.1480 mile, and the 
Departure 2.7716 miles - Write down all thefe 
particular differences of Latit.and Depart. exact- 
iy’ under one another, ‘as* here you fee them 
expreft. | 


Diff. Lat. Depart. 
38.270 92.390 
SF654 - 18.478 

¥.1480 2.79716 


eee 


47.0710 mmm £1 3.6396 


ON a er ie em ewe ef erat 


eo tm ow hn 
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And thusit appears that thedifference of Lati- 
tude is 47 miles and .o720 ten thoufand parts of a 
mile, and the Departure is 113 miles and 6396 
ten thoufand parts of a mile. 


eee ee 


The Vie of the Table of Logarithms, and 
the Tables of Artificial Sines, Tan= 


gents and Secants. 


round or abfolute Numbers beginning at 1, 
and continued to 1000 are placed under the Let- 
ter N, and againft each of thefe abfolute numbers 
ftands the refponding Logarithm. : 

Thus the.Logarithm of 81s-090309. the Loga-. 
rithm of 80 is 190309. andthe Logarithm of 
850 is 290309. So that thefe Logarithmical num- 
ber differ only in the firft Figure which 1s 
called the Charatteriftic. And thus may the Loga- 
rithm cf any abfolute number between 1 and. 


1000 be found by infpection. 


', r the Table of Logarithms you find the. 


2. To find the Logarithm of any number greater 


than 1000. 


Here you muft note, that the Charatteriftic of 
the Logarithm anfwering to the abfolute num- 
bér.a0. the Charatteriftic of 10is1. of tools 
5. Of 1000 is3. of 10000is4. of 190000 Is 
5. Ge. Thea 
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Then let it be required to find the Logarithni 
of 87654. here the Characteriftic will be 4. and 
‘Confequently the Logarithm of 80000.is 4.90309. 
But becaufe this Table is continued only to 1coo, 
take the Logarithm of the firft 3 Figures, viz. 
of 876. which is put to fignifie 87600. and the 
Logarithm thereof -is 494250. By the-fame Me- 
thod find the Logarithm of 87700 which is 
494300, Subtract 494250 from 494300 the re- 
mainer is 50. Alfo fubtra& 87600 from 877400; 
the remainer is 100, Then {ay 

If 100 require 50, what fhall $4. require. 

50 


ee 


. 2700 

Anfwer 27, . which added to. 494250, the 
fam 494277 1s the Logarithm anf{wering to the 
abfolute Number 87654. And thus may any other 
Logarithm be found. anf{werable -to any abfolute 
Number exceeding roco, 


3. To find the absolute Number anfwering t0° any 
given Logarithm, 


If the given Logarithm be found exactly in 
the Table, then the Figure or Figures in the Co- 
Jumn N ( which ftand agaibft this given Loga- 
rithm ) gives the abfolute number required, 

But if the given Logarithm cannot be exactly 
found inthe Table, feek for the neareft number 
which ts. lefs than the given.Logarithm: then fub- 
trac this neareft lef$ number from the given Lo- 
garithm, the remainer fhall be the Numerator of 
the Fraction. required, and the Denominator of 

oe that 
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that Fraction is the Tabular difference between 
the neareft lefs,and the neareft greater Logarithm. 

Let it be required to find the abfolute number 
to this given Logarithm 155754. 

The neareff lefs in the ‘Table is 155630, which 
is the Logarithm of 36, the diff. between the 
Logarithm. given and that in the Table is 
124. the Numerator. 

The neareft greater in the Table is 156820, 
diff. between thisand the neareft lef§ is 1 190, 
which isthe Denominator required, therefore, 
the true or abfolute number anfwering to the 
given Logarithm is 3617. 

The ufe of the Table of Artificial Signes, Tan- 
gents and Secants ( which are no more than the 
Logarithms of the natural Sines Tangents and 
Secants } may be eafily apprehended from the 
preceeding Rules. 


Se 


To find bow wuch Powder is fufficient 


both for: Action and Proof of any 


Piece of Ordinance. 


R UE E. 
Me the weight of the Ball by the Ca- 


libers inthe Circumference of the Breech, 


and for Proof multiply this Produét. by 8 for 
Service multiply the fame by 6. this laft Produc 
divided by 96 gives the number of Pounds of 
Powder. 


—- 


KE A 
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EXAMPLE. 


Let there be an Iron Ball weighing 24/. fit 
fora Gun whofe Breech contains 9 Calibers or Di- 
ameters of the Bore in Circumference, 

I demand the quantity of Powder fit for Proof 
and Action. 


"Ball 24 /. 24 I. 
Calib:9. 9 

IG i rk 216 

Son 6 


~ 96)1728(181. Proof. 96)1296(13 44 
7 96 Service or 


& 


ee et —— ~~ Action. 
768 336 
768 . 283 
48 


This Rule is Short; and eafie to be remem- 
bred, nor is there any difficulty in the Opera- 
tion. We have many Authors who fpend much 
pains in the delivery of this Propofition, to 
{mall Purpofe ; here you have the Rule in a few 
words, ufe it, or thofe delivered by others, and 
Jet your Experience commend it to you. 
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To find the Tunnage of a Ship. 


Multiply the Jength of the Keal, by the » 
| breadth of the Midfhip beam, and that Produé& | 
i by the depth of the Hold, Divide this number a 
iby 100, the Quotient gives the Tunnage ‘for - 
|Men of War, and the fame Produdt divided by 5 | 
95 gives the Funnage for Merchants Ships. 
A Rule fo eafy and plain needs no Example. | 


To find the Prime or Golden Number. 


To the given Year of our Lord add r. divide 
| that Summ by 19, the remainer is the Prime re- 
'quired. If there be-no remainer, then fhall ig 
| be the Prime that Year. 


To find the Epatt. 
_ Mubtiply the Prime for the given Year by 112. 
| divide that Product by 30, the remainer fhall be 
. | the Epact. If nothing remain the Epadt is 30. 


To fiad the MJoon’s Age, 


Add the Epacé, the number of the Months | 
from Mach, and theday of the Month given * | 
inclufively, and if the Summ of thefe 3 numbers °: Fi 
be leis then 30, it fhall be the Age of the Moon, ta 
if greater fubtraét 30 from it, and the remainer a 
is the Age required. | 


ARN A <n ~Smancs 


E X- 
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| EXAMPLE. 


“June 24. 1695., J demand the Moon's Age. 


1695 | Epact. 25° 


5) 
1 II day of the Month. 24° ji! 

19)1696(390} .3is|s/1 Monthis from March: 4, 
152 2}O 

Se. Saree $3 

176 «= |Spet.' 25 ° 

71 ee rr 

Samim Moon’s Age 23 

Prime..'5. | i | a 


To. find thé hour of the Afoon’s Culminating or com- 
ch ing upon the Mertdian. : 


Multiply the Moon’s Age. by 4. divide that 


Produé&t bys. the Quotient isthe time of the: 


Moon’s Southing, or coming upon the Meridian. 


~ Note that betweenthe New and Full Moon fhe: bss 


comes South in the Evening, but after the Full)” 


Moon, in the Morning. : 
The neareft..Eftimate of the 'Moon’s Rifing 


and Setting. At the New Moon the Rifeth and!) 


Setteth with the Sun. At the Full, fhe Rifethi} 


when the Sun Setts, and Setts at Sun-Rife. 


At the beginning of her Encreafe fhe Rifethi/ 


after-Sun Rife, and Setteth after Sun-Set. 
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At the beginning of her Decreafe fhe Rifeth a 
Hittle after Sun-Sett , and Settsa little after Sun 
iRife. 

~ At her firft Quarter fhe Rifeth about Noon and 

i Setts.about Midnight. | 
Laftly, She Rifeth every ¢ of an hour later 
‘withan fhe did the day before, which is the reafon 
‘that you multiply her Age by 4, and divide that 
4) Product by ¢ to find the time of her coming to | 
«| the South.  : 


nen 


To find the time of high Water. 
| - To the Moon’s Sonthing add the time of full 
‘| Sea in that Place where you defire the time of 
~| high Water, and that fur fhall be the Anfwer. 
Thus at London when the Moon comes NE or 
SW (which anfwereth to 3 hours being 45°. from 
the Meridian) it is full Sea; to which add the. 
| time of the Moon's Southing, the Total is the 
| time of high Water required. . 

He that defires to improve his Knowledg fur- re 
| ther in theufe of the Calender may confult Cla- 4a 
“\ vies his Computum Ecclefiafticum. De Chales his | 

‘) Mundus Mathematicus. Daétylifmum Ecclefiafti- 4 
cum Pomp. Lempei, and Soannes Focobus in his. B | 

Syn. Mathemat. where he will not only find the | 
5) Rules, but the Reafon of them explained. 
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